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PH PHENOMENON OF “TONIC INNERVATION” AND ITS 
RELATION TO MOTOR APRANIA,! 


f2 entitled, “A Contribution to the Study 

published in Brain in 1908, reference was 

phenomenon of so-called “ tonic perseveration,” and a 

observed case was briefly alluded to. The details of that case 

uiblished for the first time Since that date, we have had the 
opportunity of studying two further instances of the condition, and this 


} 
} 


paper is therefore based on an investigation of three cases in which the 
phenomenon was present in a typical and advanced form, constituting, 
indeed, the most marked clinical feature. We are greatly indebted to 
Dr. H. H. Tooth, of the National Hospital, Queen Square, London, 
under whose care the latter two patients were, for permission to record 
them. Two of these three patients were successfully operated on tor 


cerebral tumour; hence we are in a position to discuss the localizing 
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value of the symptom, which is one of considerable physiological 
interest. 

It must be remarked at the outset that the terminology of the con- 
dition is far from satisfactory. No rigorous definition of the expression 
‘“‘ tonic perseveration ” has hitherto been proposed, but it is understood 
to signify inability, owing to a central lesion, to relax a given innerva- 
tion in any muscular group or groups. To give a single illustrative 
example: Liepmann |27), who coined the term, uses it of his patient 
the Regierungsrat, who was occasionally observed to be unable to let 
go an object which he held in his left (dyspraxic) hand, grasping it 
more firmly instead. The innervation of the muscular groups concerned 
seemed to persist in spite of the patient’s endeavour to inhibit it. He 


could not cut short a muscular contraction once it was begun. Liepmann 


proposed to denote this type of perseveration “tonic perseveration.” 


We prefer, however, the term “tonic innervation,” for reasons which 
will subsequently appear, as being more accurate and less confusing. 

As a matter of fact, however, the terminology not only of this, but 
of the other two varieties of perseveration distinguished by Liepmann, 
viz., ‘clonic perseveration ’’ and “ intentional perseveration,” !s 
obvious objections, Which will be mentioned when the 
discussed in the second half of this paper. It is curious that 
can be discovered from a careful examination of the passages 
various papers bearing on perseveration Liepmann nowhere makes any 
allusion to the familiar symptom of myotonus or myotonia in connexion 
with his ‘‘ tonic perseveration,” nor is the word so much as mentioned 
by Kleist | 23] as far as we have noticed, in his latest contribution t 
the subject of disturbances of psychomotor function. This appears the 
more remarkable as, clinically, there is no very obvious difference bet ween 
the inability to relax a handshake of the patient with myotonia atrophica, 
that of a patient with Thomsen’s disease (myotonia congenita), and 
that of a patient with “‘ tonic innervation.” It is, however, to be clearly 
understood that in tonic innervation we are supposed to be dealing with 
a phenomenon of central origin, whatever be the site of the lesion in the 
other above-mentioned diseases. 

This brief allusion, then, to what the term is intended to signify, is 
simply by way of introduction to our three cases. The many questions 
of interest suggested by a consideration of them will thereafter be 
approached. 

Case 1.—A. J., male, aged 38, was admitted t 


under the care of Sir William Gowers on December 
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The patient had been married seventeen years: his wife had had three 
stillborn children, but no miscarriages. He Was a right-handed man He 
denied venereal aisease, but admitted risk. 


Histo) f present Nes In February, 1907, he had an attack of influenza, 
vecompanied by a coplous thin discharge trom the left ear. About a montl 
later, when playing the piccolo at a public concert, he suddenly felt giddy, 
began to tremble, and had to stop playing \ few days later, he noticed tha 
he was beginning to drag his left leg as he walked The onset was yuite 
dual, and volved the whole of the limb About one month later, the call 


t the left le ised to become cramped as he lay in bed, and involuntary 





flexor spasms f the limb occurred \bout the same time when pertorming 
a ‘ ] ¢ | oak ; f 4 { 
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1] lft f . +} ly ] 1? 
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elaxing his fingers when he held a fork in his left hand, also in buttoning and 
nbutto f Ss clothes There were no cramps in the left arm or hand, and 
‘ ‘ rv ] ‘ | +14 
no pariwds esli I i lin hs rie left Hn) LYACUALLY became WOUK ko LWO 
, S ) n | tte d fron Luse witho ictual vomiti 
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| . ' 
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] ] ] n ee ee 
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more } é é ‘ 
a) l ! ent S Se t he a hea Ss florid mat 
\\ ¢ na ‘ ere Ol Wl ( ! memory Was pool | 
tiie ey ! Vas Live le Phe ( iS ad nee | double 
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pupils ¢ l ( small, li egulal n outiine ne nact oO light 
1 m 
hye ~ i ‘ less Irregulat nad reacted to light s] COOLS | ] ( 
left pu lL bette ecommodation than the ght Che Was me 
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plosis, d 1, strabis s or nystagmus Che left side of the ce was slightly 
Wwe | ~ f pal 
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The e was cert ! ne se ol tonus In the lin bs on thre left side, Chere Was 
sligh t gene ll Weakness i the left arm con pared with the right, and of the left 
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‘emarkable feature about the patient s condition was s inability to relax the 
+ i ++ ] + ’ } 
muscles ol e te arn the phenomenon was less pronounced in the muscles 
of the le r they } Li been € nplove { ! l S( ilaa etiort lt in object wv Ls 
firmiy ¢ ped e | nd, for a few seconds, the pi tient was quite nabl 
to relax as LS] 1oOl s long is hiteen secon ls or more, even though ne made 
powerful associated movements with the right hand. If he extended the left 


im at the elbow, he was unable to flex it again till some five or eight seconds 


had elapsed Direct muscular excitability was not obvieusly increased. 
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There was no change in sensibility to the usual tests. The abdominal 
reflex on the left side was diminished: a double flexor response w ined 
The deep reflexes in the legs were equal 
than the right 

January 21, 1908. 


following objects : Pape 


Wath the 
Turn the 


Count out me 


Movement ot Shaving 


Wath th ft hum 


Lrasp 


un relaxation took 20 see 
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lor Jv seconds 


triceps to relax, 


YO se eonds 
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The patient was tested again, some hours late 


1) Grasp, oo) seconds : this was elaxed in 5 seconds 


(2) Grasp, jy seconds : this took LO seconds 
(3) Massage to extensors, 2 minu 

10 seconds 
Massage in t] 


(] Grasp ~) 
2) Massage t 


Gi) isp, ) 
(2) Massag 


) 


SCCONUS 





Fr 


February 11, 1908.—Sir Viet 
large craniectomy over the 
to be very tense, but not discoloured 
patient stood the operation very well 
February 18, 1908.—Under chloroform the wound was reopened and the dw 
incised freely. It was at once seen that 1 ‘onvolutions were much flattened 


the poster 


and the brain looked pale. \ horizontal inei mn was made it 
end of the superior frontal gyrus; about + in. below the surface a large dark 


plum-coloured encapsulated mass was discovered 
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cerebral artery, the operator explored with his finget 

» remove in its entirety a large endothelioma, 

broken on its under surface, about the size 

had extended backwards under the upper 

extended forwards well into the frontal 

pressing on the right side and 

pus Ca losu yt © eral Ven ricle was 
he operation well 
Operation there 


Was less 


iyectly 


ldei nha spread 


" well nourished plethorie 

tention were good There 

ind L.) with aeuity of 

side were slightly flattened, 

as sil L spastic paresis ol the 

in the distal joints. \ similar condition 
relative hypalgesia and hypwsthesia were 


side of 


the body, including the limbs. The tendon reflexes 


on the left than on the right, and an extensor plantar response 
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was obtained on the left side. ie Wassermann rea 
negative. 

The patient remained for about one month in 
his condition unchanged 

Some two months later 
svinptoms. The weakness on 
addition he complained of failing vis 

On re-examination the optic 


eyes, vision now bein 


] 


left external ree 


: ao , 
aegree The | 


adduct on There 


Movement 


five seco 
This took 


} 
ccomypiisn 
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: l 
1) Repeated 10 minutes later, relaxation 25 


The flexors having been previo isly massaged 
| Grasp, 5) seconds. 


> a] t na 
velaXabION, 08 SeCONAS 


3+) Grasp re peated one minute tat l Xa mn 3 seconds 


1) Repeated 10 minutes later tion minutes. 


the patient did try his 


endeavouring 
accom fectly what was required. = It 


gers rapidly from his hand the 


eal perceptibly On clenching his 


seconds usually. 
was maintained 
is arm this took 50 to 60 
e DICeps slowly cliecd uway (as 
e at onee into action and only 
‘eps passed off. 
romprehension ol all that he was asked 
the movements with his right 
and easily 


body and left limbs, pain, temperature, 
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and localization were unimpaired, but 


wool, and there was a very moderate 


There was no astereognosis 
1912. 


removed the bone and opened the i ira, 


Right 


September 6, 
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and well detined in outline. 
1912. 


] + + 
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) 
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limbs, 


illness there 


t} 
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1 ; 
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become defective, and t pat 
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sphincters. Before admission the left le 


not. 


the left hand, or to let go of things she 


degree of dysart! 
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my 
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hyp: 
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ition in sense Of position 


Mr. Sarg 


plum-ecoloured tumour 


stace. en 


sine 


It was circumscribed 
n badly 


‘ Xposed 


lost 


course ol 


the 
" ere Was no loss oO 

e lost all feeling 
since t 


ne onset 


} 
WeeRKS. 


ntal deterioration : 


tional and un 


to control the acti 


roved sl gl tly. but the 


The patient noticed she was unable voluntarily to unclasp the fingers of 


he left hand 


t} -0n 
tie Com 


noted since 
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The patient was a realt! y-looki 4 tlorid-complexioned 


comp! ining elther of pain or discomfort. 
ivs very good. Her memory for recent events 
ing the examination she lrequel tly smniled o1 
s, and made irrelevant remarks 
aed spoken and written speech perfectly There 
ictures of objects. There was no 
»well with the right hand, but there 


onal omission ot 


mentioned, th 
the left leg there was 
however, there was still 
contracture or contraction 
condition was, in the first 
patient understood perfectly what 
mistakes with hei right arm. All the 


examination she was seen to move the 
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left arm freely, and to execute in normal fashion well co-ordinated movements 


she was fingering the 


but only in an automatic way. Thus at 


favourite occupation 


bedelothes with the left hand and pulling 
at another, she was she was seen twisting 
her wedding-ring, which 
her left forefinger and 
still In striking contra 
example of so-called 
perform any movement 


elementary, nen she 


endeavoul 


Lhe see mynd 


onie 


relax 
tightly 
hand with 
Wis accomplis| 
exercis ne 
the exan ie 
diverted, then 
the tests for 


quite inable 
pull it away 





ena 


ie Db 


observed 


cally ney 
“yt pl L\ 


] ; 
ecdiclothes 


211 


during 


el still 
ng with 


ip and 


har fingers 
¢ nar fingers. 
) e bedclothes and 
Sle l yea hel nana 
I aimless Way 
. > 
( newa 
Het wee third and 
ie 
It is certainly very 
, , , , 
! na nt \ POOKCU 
1O by KO} 
{ she sped it 
ound, did nothing 
+ T) 
t ) hie 
ee orce. The 
1) nl then she was 
i s she was abso 
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it round and round, moving her fingers over it \ 


, , . . 
moment betore, she had opened her han ln erel\ 


by looking at it, and it was frequently the case 
that the examiner could get her t ax hei 
grasp by saying 


when sl 


at he 


Comb. 


movement 


W t 


Button-hook 


Mirror. 


Whistle. 

Cough. 

Wrinkle foreheac 

Frown: blow out cheeks 
Sigh 


Take a deep breath. 


Make movements of play 


ing the piano. 
Put your 


prayer. 
Tie a knot in 


string (sive n) 


Open a pencil-holdei 


(given). 
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The next moment she had grasped the clothes 
with her left hand and pulled them up to her 
chest. 
hox She moved the box up and down in an ineffec 
tive Way against the match head, held in left 
hand. When the examiner had pulled the match 
out of the patient's left hand, she suddenly put 
her left hand up with the greatest readiness and 
wiped the point of her nose with it. 
10, 1912.—Both apraxia and tonie innervation were unchanged. 


memory was much as before: however, she seemed to be remem- 


ts of her hospital life very wel Her attention was still easily 


Orientation in time and space was much improved from the time 
admission. There were neither hallucinations nor delusions. Her 


faulty, ice., her control over her sphincters seemed impaired. 


lands as 


mM, aprax 


movements was examined The hands 

place i togethe the attitude of prayer, he patie nt 

isly asked t lbniti i movement Her right hand was 

the middle line of the body in the desired attitude, while 

1! verfectly brought into a pos tion more or less 

“aut d tl eulty mn releasing the hbedelothes which 

grasping wit r | and, Sometimes she brought the hand up 


hedeclothes along with it It frequently happened that the patient 
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pull a small ol 


Note innervatio 


come the tonic innervat 
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rHE PHENOMENON Ol 


hand the movements that the examiner was making 
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the tonic innervation, and more in the leg, which was in a state of 





contracture, 


Mxamination of the sensory system was difficult because of the patient's 
ailure to attend properly \pparently there was s eht ai tion of cutaneous 
sensory acuity in the peripheral part of the left a Museul sense Was 
probably somewhat diminished distally \t one time it appeared that the 
patient was not always able to recognize by touch objects held in the left hand 
but this condition varied and is not constant. There was no at 1 of the 


iefG arm. 


The tendon retlexes on the left side were briske t ! n the t there 
was ankle clon is on both sidies, lelt greater than right, ha | tar extensor 
was always obtained o1 the tett s le probab ‘ lex« ! Live | e 
Wassermann reaction in the blood was negative 

Before the patient left hospital (December 14, 1912) it) th 

( eves cli sed he contre ove ( ( S tive . . 
»! | e apran na te ( Va ! eS per ed S 
nen the eves were closed the ere opel é } } } 
she was not a llv look he wv t hic e ' 
If, now, we summarize suceinctly these thre¢ ses, the chiet 


features may be deseribed as follows 


In Case 1 a male patient, aged 38, gradually developed weakness of 
the left leo and later of the left arm, and simultaneously with the latte 
he found that he was unable to relax the muscles of the left arm readily 


after thev had contracted in any voluntary act. During the same time 
occasional little attacks of involuntary twitching of the musculature of 


the left arm occurred. Occasionally, also, cramps and involuntary 


spasmodic movements of the left leg took place, mostly as the patient 
lay in bed. On examination he prese nted characteristic signs of cerebral 
tumour, with headache, nausea, and advanced double optic neuritis. 


The muscles of the left face and limbs wert weake) Lhan those ol the 


right, and there was distinct increase of tonus in then The left 
abdominal re tle X Was diminish d, and the tendon re flexes o1 that side 
were increased, but there was a double flexor response No alteration 
in sensibility could be detected, and there was no ataxia In the left 


arm, and to a less extent in the left leg, the phenomenon of tonic 
innervation was present in a striking degree. If an object was grasped 
in the left hand the patient was unable to relax the innervation for 
a full minute or more, although he made powerful associated movements 
with the right arm, and although the tendons of the antagonist group 
could be seen distinctly to contract. Frequently the grasp became 


tighter the more he endeavoured to inhibit it Other muscular groups, 
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ht 


y normal. There was no apraxia or dyspraxia of the 


oth flexor and extensor, showed the same phenomenon. ‘The rig 
arn) was entire 
left arm, but the defect of innervation hindered the patient in carrying 


out re | 1ests The Ie Were no involuntary movements ol t] eee pseudo- 


spontaneous ” type Fair attempts at writing were made with the left 
hand. The left limbs gradually became more hemiplegic, and ankle- 
lonus developed. The patient was successfully operated on, and a 
large endothelioma removed from the right hemisphere It lay imme- 
diately underneath the posterior end of the right superior frontal gyrus, 
extending backward under the upper third of the precentral gyrus and 
forward into the entrum seml-ovale. It bulged on the mesial aspect 


of the hemisphere and impinged on the right side and upper aspect 


of the anterior half of the corpus callosum \fter the operation the 
bol nnervation completely disappeared and a typical hemiplegia of 
noderate degree, with characteristic reflexes, remained 

In Case 2,a male patient, aged 47, developed a characteristic but not 


severe Jacksonian attack of the left limbs, beginning in the foot and 


passing rapidly up to the shoulder, then down the arm to the hand 
Gradually progressing weakness of the left limbs followed, the leg being 
more attected than the ar At this time, om examination, ther 


found to be slight double optic neuritis, shght spastic paresis of the 


left limbs, including the face, and slight relative hypwesthesia on the left 


side The tendon retlexes on the left were increased, and an extensor 
response was obtained. ‘Two months later the weakness on the left 
side had increased, and the left arm assumed the contraction-attitude 
f an ordinary hemiplegia There was, nevertheless, no great loss of 
strength in it It was now observed that the phenomen nm of tone 


innervation was strikingly present in the left upper limb, both in flexor 
and ext r groups When the patient put his left hand on his head 
he was unable to bring the arm down for three minutes, owing to tonie 
nnervation of the muscular groups concerned. The right arm was 
entirely norma There was no apraxia or dyspraxia in the left hand, 


but the tonic innervation interfered with his passing readily from one 


movement to another. ‘There were no * pseudo-spontaneous ”’ move- 
ments, and no ataxia lair attempts at writing were made with the 
left hand. The patient was successfully operated on, and a large 
endothelioma was removed from. the right frontal lobe. It pressed 


deeply into, but did not invade the cortex. It grew from the falx, and 
lay exactly over the posterior ends of the right superior and middle 


frontal gyri, extending to the anterior margin of the fissure of Rolando. 
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After the operation the phenomenon of tonic innervation entirel\ 


disappeared, and a typical slight spastic hemiplegia 


characteristic reflexes Eventually a good recovery was 
In Case 5, a female patier 

indefinite attacks of cramp 

left hand Four months be 

without los 

powerless, 

It was ther 


hei 


CLOVE 
tonic Innervation 
suggested by the examination 


In cominy to our cone! 
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innervation may occur by 


Our first two cases 


‘ausall connected ; 


oO condit ( 
npanimen here the two 


mechanisimns 


tonic 
anges 


pres nt 
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REVIEW OF ANALOGOUS CASES FROM THE LITERA’ 


Hitherto, as far as we are aware, no article has appeared express! 
devoted to a consideration of the symptom of tonic innervation, hence 
has been a matter of some diftic ‘olleect cases in which referenc: 
to it has been made, and 
have escaped our notice. 
a few instances of the 
intracranial disease 

(1) Liepmann’s 


innervation of the left uppet 


not apraxic, or showed only 


when he grasped an 

it go from his hand, 
! 

Was apparentir 

references to 

plegia, which 

mutters and 


the tonic inne 


with typ 
weakness ¢ 
with she 
attitude 
noted 
resporise 
the right 
relaxing 
release | 
Was no aprax 
not specific 
The lesion 
hemisphere, 


{ 
iro 


Cc tllosum 
calloso-margi 
il bulged icl 


+t 


mesial ispect O 
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elbow; his tlexors were weak, but even passive flexion at the elbow was 


thereafter for a short time impossible owing to tonic innervation of the 


} 


triceps, and that in spite of every endeavour of the patient to relax 

The condition gradually disappeared as the patient improved 
lteference is made to it here, although the details are rather meagre. 
1) Van Vieuten’s (41) case is mentioned in Wilson's paper on 

apraxia referred to above The patient was a man, aged 55, whose 


ms began with difficulty in’ finding words—slight amnesic 


hasia and verbal paraphasia here was some weakness of the right 
while definite symptoms of involvement of the right 

of weakness or alteration in the reflexes, were at 

On the right side, nevertheless, two symptoms 


r of the right arm when at rest, increas- 
ertion, and characteristic tonic innervation of the 
k an object in his right hand he was unabl 
endeavour and the urging of the examine) 
the same tonic innervation, and it was 
a less extent The tonic innervation 
f movements of the 


On the other hand, however, 


he left arm and hand. ‘The condi- 


the patient sank into a st: ol 
hem pleok leveloped and 


de the apraxia was 


SCT -ovale 

and 

t invaded t 
backwards almost tl 
left lateral ventricl 
eyri centrales were intact, 

little by the pressure 

very full record of a case on which 
‘ortical or iInnervation-apraxia The 
a SV] hilitie h story. He deve lope aa 
mplete right hemiplegia, with difficulty 
there was found to be a moderately 
1, with bilateral spasticity ol the limbs, 
bilateral ankle-clonus. From their hyper 


considerable resistance to passive Inovements, 





the rigidity resembling that of paralysis agitan 


{ 
5 


flexor and extensor croups. The disturbances of 


the patient were of great interest, consisting in a 
more pronounced on. the 
happened that in attempting 
nnervated the 
referable to 
neern 
Innervatio 
either to 
pat ent Was 
utmost diffi 
the phenon 
the hamn 
extreme 
resulted in 


Innervation 


and arm cleared up 


however, remained, and conce 





ontaner 


LONI 


was 


whi 


C INNERVATION 


creat difticulty in the 


ch were accomplished 


“amo phous * movements. . 


movements and marked impairment of 


na 


le any voluntary move- 


as accidental There 


with 
Crise of 
detective 
res} mse 


of the 


crasped 


caught 
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and 
of 
would 


ncon- 


posterior 

e corpus 

e right 

itter, the 

ortex 

the right 

extent. 

basal canelia, 

has 

a man, aged 45, in 


side and then of the left 


ght motor and sensory aphasia, 
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slight right hemiplegia, with increased tendon reflexes and moderate 


spasticity. Sensibility was normal. The patient was absolutely blind 
There was very definite motor apraxia of the right limbs, and also to 
some extent of the left. Tests for bilateral movements brought out 
the apraxia very well. He made all sorts of “ pseudo-spontaneous ’ 
movements with the left hand, but was incapable of accomplishing 
anv correctly on request. Imitation of movements passively impressed 
on either side was impossible. According to Kroll the patient also 
showed constant evidence of Liepmann’s “tonic perseveration,” appa- 
rently with both right and left limbs, but it is not certain that th 
author is describing the phenomenon with which we are 

cerned. Thus the patient frequently held a limb, afte 


In a given position for a consid rable time, 


he simultaneously endeavoured voluntar 


and failed to do so. “In all 


tendency to maintain any 
he held his fingers for 
perseveration,” but 
m, One mia tuke 
stated that ** the 
into a practically constant 
dition, in our opinion, appé 
* Willenlosigkeit of some 
movement came to a standst 
sions were soften 
left supramarginal evrus, 
involving the optic 
hemisphere part of 
Q 
Coriat 
svi ptoms ntracral 
of the left limbs, in which 
sensibility On examinat 
typical motor apraxia of the 
side was normal. There wi 
slight weakness and spasticity 
lift it above his head, fl 
and flex the fingers and give a fai 
inclination on the part of the subject to use this left arm spo 


It is doubtful whether the author is employing the term under di 
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n the sense accepted by German authorities and by us when he goes 
on to say, “This tendency to akinesis was probably due partly to the 


patient's appreciation of his localized motor apraxia, and partly to a 


state of tonic perseveration.”” And to exemplify the latter, he adds: 


“The left-sided apraxia became more marked when the patient’s eyes 
were clos . A key, a match, and a drinking glass were used 
correctly with the right hand and decidedly awkwardly and fumblingly 
with the left. When attempts were made to use these same objects 
closed the left hand seemed to become petrified, as it 

abortive start In other words we seem to have here 

tonic perseveration.” “ Sometimes the subject 


n the attitude of executing a simple or 


spontaneous ; this is known as tonic 


instance also the condition is that 


standstill, a condition to be sharply 


nfortunately even more than usually 


Ctrl 


itient exhibited true tonic innervation In 


ho when he came unde 
‘omplete loss of the sense of 
stimulus, and did not 
‘here Was also 
It arn was 
apraxic; with 
reflex movements 
the hand of the examiner 
led, and at such times he 
involuntarily in fact, grasping 
hand o i eXaminer remained 
persevera- 
ataxXla Was 
right; the 

sponse 
presence of d neration of the white 
1 parieta IS, the convexity, 
he ten poral lobe. : . he left ide 
ecipital and temporal regions to a much 


callosum, in portion, was 
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Rhein quotes Liepmann’s view that tonic perseveration is due to 
disturbance of the motorium itself, and considers this opinion confirmed 
‘somewhat’ by the pathological findings in his case, in which the 


‘that is, provided 


right postcentral gyrus was in part degenerated 
believe that the otor cen are not entirely contimed 
central region,” 
the autopsy, that 
thick’ plastic ( 
thre right stale 
Kividently this 
consideration of 
profound sensory 
purity of the sym] 
10) An inter 

published by Macfie 
ith veneral SV1Il 
a writing defee 
a&@ moto) 
present, 
and of the 

true) perseveration, I 
‘the motor condit 
streneth 


while th 


And 


noticed the sami 


innervated 
Although the « 
been more Spe citicall 
of tonic innervation 
The lesion was a 
the superior and middle fi 
with the central fissure Che mes 


bulged inwards and downwards, and 


depression of the opposite hem sphere. 


11) In Piek’s | 33) “ Studien tiber motorische Apraxi 


are described which have a bearing on the problem before 
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One of his patients (case Prokop), asked to lie down on his bed, lay 
down with his right leg stretched in an awkward position over the edge ; 
it was held so, immobile, for more than two minutes. The same patient, 
asked to take a drink out of a jug on the table, went and put his lips and 
face into the mouth of the jug and remained so practically without 

itient (case Havranek), asked to light a candle, 


eht hand, in the neighbourhood of 


*LUALIN burned hei fine rs 
persistence ol 
must be 
which 
attitude, 
ntained i sprte of 
inervation, but from 
dentical 


In tonic 


illuded to 
the age ol 16 
movements, and 
addition there were 
On voluntary 
and extensors 


and brevis, «e 


convenita 

sternomastoids, the dorsiflexors 
he abdominal muscles 

and claw-foot, 

arlus, pares the lower face, 


changes and vasomotor disturbances 


The author considers 


i: Batten a ib] nclude it, under reserve, 


nia atrophica, while Bramwell and Addis | 3} place 


4 ‘ 


vroup A, comprisin forty-five recorded cases 


a reselnb! ne eacl othe. hi ! less closely In 


listribution of the atrophy 
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Now, the interest of the case consists in the association of disease of 
the central nervous system and myotonia, and the author is at pains to 
argue that the latter is of central origin and due to impairment of 
function of the fronto-pontine-cerebellar system. ‘To this matter dis- 
cussion is directed in a subsequent section. 

The cases of tonic innervation here collected are evidently closely 
related; in each the phenomenon was strictly unilateral, and it was 
I] 


accompanied by other signs pointing unequivocally to the existence 


of a central lesion Leaving out those which are not quite sufficiently 
definite for our purpose, or sufficiently detailed, we have a record of 
nine—Liepmann 1, Steinert 1, van Vleuten 1, Wleist 1, Goldstein 1, 
Rhein 1, and Wilson and Walshe 3—on which to base a study of the 
svmpton \nd further, of these 5 came to autopsy, while 2 were 
iccessfully operated on; hence we have no fewer than 7 to aid us ina 
msideration of the localization of the phe nomenon, 
These nine cases belong adimittedly to one type, clinically speaking ; 


+ 


the occurrence of tonic Innervation, or something very like it, in certain 


ther diseases of the central nervous system, will occupy attention 


+ 


n a subsequent paragraph 


TERMINOLOE wp R ATION TO PERSEVERATION, PROPERLY 


The term perseveration ee perseverat rische Reaktion’’) was 
apparently first used by Neisser | 80) to express that condition in which 
the patient repeats a particular act when requested to perform another 
ut, or when he spontaneously wishes to perform another act. To 
quote Trot Wilson's 12) paper on apraxia: “The persistence of 
certain impressions may become a fertile source of error in the 
execution of complex movements; a patient may recognize an object 
ind use it correctly, but be unable to prevent himself from repeating 
this act when a different object is presented to him. He may use 
a spoon properly, but repeat the action of feeding himself with the 
next thing he is shown, which may, for instance, be a corkscrew.” 
Whether the persisting idea arises spontaneously or secondarily to 
sense impressions is indifferent. Numerous instances of perseveration 
are given in the paper from which this excerpt is taken, and to it 
the reader is referred 

To this variety of perseveration Liepmann | 27 has given the name 
of “ intentional perseveration,” because it is characterized by the repro- 


duction of a given movement-complex or act when, and only when, 
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another is intended. The repetition is not independent or spontaneous, 
so to speak; it occurs only when some new act is intended, and in 
place of that act, otherwise it would not be noted. It is the commonest 
form of perseveration, and is well known to the student of nervous and 
mental disease. According to Liepmann it is found associated mostly 
with lesions in the posterior third of the brain, especially in the temporal 
and parietal regions.: In our experience it is 1 an accompani- 
ment to a degree of agnosia of the auditory or y 
have also observed it in certain diffuse or generaliz 
conditions, and we are of the opinion that in the present 
knowledge it cannot be even tentatively localized 

The term ‘intentional perseveration,” 


} 


a satisfactory expression, as naturally it m 


the perseveration 1s int ntional, whereas tl] 


It is more in accordance with 
comlnittal, to describe tl 
an attached epithet, and this 

A second form of perseverat 
making a particular movement 
stop: Liepmann’s patient, for 
letters though requested to 
volitional brake, as it were, « 
continues to repeat it with 
it. It is not, however, n 
against request should ente1 
‘continued to shake hands for 
observed by Wilson, writing he 
ninninn .. ” indefinitely. A patient 
went on peeling indefinitely, apparently 

Iterativerscheinung ” h frequently been 

mental disease. 

These varieties of perseveration may occur, 
seen, in other spheres than that merely of limb-movement 
and in speaking, they may also be observed. As the field of s) 
however, with its “ verbigeration,” its “‘ recurring utterances,’ and 
‘word intoxication,” is somewhat more complicated, it may be left t 
one side for the present. 

Liepmann has proposed to denote 
preservation,” because there is alternati or cessation of innervat 


and then again reproduction of the same. The “tendency to innerva- 
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constitutes 


to * tonic 


» designat 
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of the persevering idea. In a not dissimilar way Douse, quoted by 


Pick [33], explains what he calls ‘ opisthomimesis,” a condition 
identical with perseveration. “The mind lags behind the hand and 
perturbs its action by surviving impressions of what has been already 
written.” Pick | 32], on the contrary, holds the view that there is 
passive preponderance of the persevering idea As a consequence of 
the diminution of inten of other ideas, from fatigue, the persevering 
idea is relatively reinforced and may remain some tim It should 


perhaps be mentioned that in explaining this diminution of intensity of 


] 


other ideas as arising from fatigue Pick is arguing from the circum- 
stances surrounding the appearance of perseveration in post-epileptic 


t 


confusional states, in which he has often found perseveration to occur 
Klsewhere, however, he emphasizes the importance of attention in this 
connexion, and adduces evidence showing that defect of attention may 
be a factor in perseveration. The patient may be, as it were, in a state 
of distraction ; associations that ought normally { be aroused by the 
presentation of subsequent ideas are pathologically feeble, and persevera- 
tion results. Stoddart |40|) speaks of “ideational inertia’ as tanta- 
mount to perseveration, and his use of the phrase shows that he regards 
it as equivalent to ideational persistence or persistence of an idea, 
Some confusion, perhaps, may arise in connexion with the word 
‘“inertia.”” It is a little difficult to understand why inertia of an idea 
should occasion the actual repetition of the movement-complex which 
depends on it. An apposite citation from James | 18) is given by Pick 
“the fact that a certain intensity of the consciousness is required for its 
impulsiveness to be etfective in a complete degree There is an inertia 
in motor processes as in all other things. In certain individuals and at 
certain times (disease, fatigue) the inertia is unusually great, and we may 
then have ideas of action which produce no visible act italics ours 
This leads us to a last point in the matter of perseveration. In the 
cases of Kroll, Coriat, and Pick, quoted above, reference has bee n made 
to an interesting symptom characterized by apparent cessation of action; 
during or at the close of the performance of a given act the patient 
comes to a standstill—either a limb or limbs, or the whole person, as 
the case may be—in a particular attitude, which is maintained almost 
indefinitely. The incidents quoted above as illustrative of this condition 
need not again be particularized. Pick (33), who has devoted much 
attention to this phenomenon, regards it as a perseverational reaction, 
and considers that several factors combine to produce it, or rather, that 


in different cases different factors are at work. He is not certain 
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whethe the outcome of will-lessness 


*Willenlosi 


keit’’) or not, vet he inclines to emphasize the analogy 


juestion and the absence of spontaneity or initia- 


[It would lead us rather away from the main object of this paper 


ontaneityv, witl 


' 
s resultant akinesis, in relation to perseveration. Akinesis has 





frequentivy been noted in intracranial disease (Hartmann | 16), Wilson 


12 ind othe: nore especially in connexion with lesions of the 
frontal Loves ind corpus callosum Ktvmologically speaking, whe re 
action S ibevanee iltogethe cr, where it comes to a standstill 


prematurely, we are no doubt dealing with a condition of apraxis, and 


SO abhili¢ 


sis may be regarded as true apraxia. but as it is so often 


associated with a state of generalized mental hebetude and deterioration, 


no good purpose can be sé rved by an endeavour to link it to apraxia 
in all cases. Complicating factors, such as inattention and incapacity 


for retaining impressions, intervene to render its analysis a matter of 
peculiar difficulty. We are of the opinion, further, that this holds 
“ood for that condition mentioned above, which S not, we think, 


entirely identical with akinesis; the instances referred to above 


exemplify a condition in which there is normal initiative to begin with, 


] 


but it speedily exhausts itself; further, sometimes the required move- 
ment has been actually completed before the condition of akinesis 


S ip rvenes 


It is sufficient, then, for our purpose merely to allude to these 


( 


point out that whether the cessation of action in these 


matters and 
‘ases, and the passive maintenance of an attitude, is a form of apraxia 
wv akinesis, or not, the phenomenon is at any rate essentially one of 
a ps chical order. Objections might be raised to the view of Pick 
that it depends on momentary ‘ will-lessness.” Though movement 
‘one to a standstill visibly, none the less continuance of innervation 
may be producing this Liepmann questions whether an awkward 
attitude would be so preserved in the absence of impulses from the 
cortex. It may, however, be automatically preserved, no volitional 
element entering into it, just as a movement may be automatically 
performed, which the patient is unable to execute on request. 

Allusion has already been made to Pick’s description of this 
‘akinesis”’ as a perseverational reaction, which adds yet anothe 


connotation to the term perseveration. We are much inclined t 
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production of myotonia is a spinal cord mechanism, and that 


pairment of innervation is an impairment of function of the 


common path, to use Sherrington’s (57 ey. Myotonia may 
occur with spinal cord lesions, 

physiological prool that the defect 

muscular. Wearealso of the opin 

are symptomatologicall 

spinal cord mechanism 

the proximal e3 

lesions at its distal en 


may 


SOL 


also ha 


part 

Wilson 

athetosis 

he niplegia is 

flexion movements 
xtension ol 


clos . 


More 

patient 
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patient sa’ 

opens at once 
An anal 

sided athetos 

are re laxed 

suddenly any 


performed, a 
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muscles once they are contracted.” Grasping 

he was unable to let it go for as long as 

of immediate innervation of the extensors ; 

die Kxtensoren sich sofort bretthart anspannen 

Klexoren ebenso stark contrahirt.”’ The same 
tion was present in other muscle groups 

n published by Mills |29]| under the title 

Spasm,’ which is difficult to classify 

Th patient sullered from athetoid move- 

and involuntary tonic contractions of the 

illy prevented him from accomplishing any 

wished to grasp an 

uld remain 

relax 

description given by 


nervation, as we have 


ap} irently with 


he whole case is 


Neve rthel SS, 
ivotonila, 

in addition 
the sinuous 


to relax innerva 


ttitude, 
stroke zs 


and it 


cases of 
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long maintenance of 
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unsatisfactory nature of attempts at correlating lesions and sym} 
when the morbid agent is a neoplasm ; but in our third case the 

is vascular, in all probability, and, as already said, by analogy 
Goldstein’s case we can determine the seat of the disease with accu 
and with less complication from neighbouring disturbances of funct 

In a word, there is reason to suppose that the tonic innervation 
the left limbs 1a ous patients is associated with impairment of funet 
of the cortico-spinal neurones from a lesion at their cortical end ; 
the activity of the affected motor centres is directly interfered 
or, more likely, the stimuli reaching them by short transcort 
from a hypothetical psychomotor centre placed in the 
the precentral gyrus are interfered with. 

It may be remarked also that in all the pathologically 
cases the symptom was present only on the side opposit 
in left hemisphere lesions it was on the ri 
versa. It cannot be regarded, therefore, as de | 
of, an impairment of function of the corpus callosum. 

We have met with cases of cortical lesions in approximate! 
same region where the symptom was not observed, and we imag 
therefore, that its appearance represents a stage in the process o 
ference with the functional activity of the neurones concerned 
be remembered that in our first two cases the symptom vanished 
the removal of the tumour and the onset, for the time, of more defi 
hemiplegia, and in a previous section we have alluded to its depend 
on the comparative integrity of the cortico-spinal tracts 
fact that in our third case the path was open for involuntary 
matic impulses when it was closed, so to speak, for ** willed 
ments, we may suppose that the lesion is more likely to be su 
produce a transcortical than a directly cortical impairment of function 
But in our ignorance of what is meant by volitional as opposed to in- 
voluntary innervation our view must remain merely a hypothesis 

Allusion must be made, finally, to the hypothesis advanced by Wleist 
[22] |23] to explain the phenomenon of tonic innervation of central 
origin. Kleist imagines a * tonic co-ordinating” apparatus constituted 
by an afferent and efferent reflex arc ; the former 1s the cerebello-rubro- 
thalamo-cortical (frontal) system, and the latter a doubled path 
(1) fronto-pontine tract, middle cerebellar peduncle, nucleus dentatus 
and back to the nucleus ruber, and (2) direct fronto-rubral path. He 


further postulates an “apparatus for automatic and expression and 


associated movements,” formed by optic thalamus, corpus striatum, and 
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corpus Luysii; hi iks that the thalamo-frontal and fronto-rubral 

this apparatus. 7 disturbances of 

tonus and co-ordinati are linked wit } ormer apparatus, while 

choreo-atheto vements, Impairment of mo of expression, 
velments, are 

nsiderations, the uncertainty of the anatomical 


second system make 


Lhat 


leist’s hypothesis doc iot, we think, 


to which allusion has ; idy been 
id on whiel y ¢ we rely in our explanation of the nature 
the phenomenon known as tonic innervation \ spinal mechanism 
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s thrown out of crear by defective impulse s from the 
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DYSSYNERGIA CEREBELLARIS PROGRESSIVA—A CHRONIC 
PROGRESSIVE FORM OF CEREBELLAK TREMOR 


' tAMS 
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) 264 

Sy \ ( 
265 
IN ] 
\ raid rebellaris progressiva, I would direct attention t 
progressive tremor disturbance, which seems deserving of 
fferentiation as a definite clinical type of nervous diseas« 

T) fftection is characterized by generalized intention tremors, 
h beg is a local manifestation and then eradually involve in 
ng degree the entire voluntary muscular system The tremor 


when the muscles are in action, ceases entirely 
no 1 tion and rest. If this disorder of motility is subjected to 


i study, it will be found that, associated with the tre mor, 


there i well-marked disturbance of muscle-tone and of the ability 
to measure correctly direct and associated muscular movements; the 
clinical inifestations of this are dyssynergia, Jysmetria, ypotonia, 


adiadol esis and asthenia. All of these symptoms, including the 
volitional tremor, which is only the extreme expression of the under- 


lving disturbance of muscle-tone and synergy, indicate a disorder of 





cerebellar function 
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YSSYN GIA CEREI I LRIS ( ESSIVA 
\ + 1s present In b } ( ties 
Ss fi ! and deep s ! m Visior ! 
7 
Cons hiceps 1 t eps S e eq und nol ul The 
. sel ie l, te g | nkle-jerks e presen 
s no clonus The « s ( thdominal reflexes 
l - ras fl ! { e toes: no 
( Pupils are « | } ly to hi nd 2ecom 
) nS e? mil ) Vs . e optic dises are 
Lnnervation | lite and muscles ol 
Pi 1 lo mal no pig 
( cornea Ile 5 ) ne s 
\\ ests of | ( bros} | fl negative 
} a. , ] } | 
( 1] ANALYSIS O S\ MATOLOGS 
( } t/ Th three Cases wh | } ive been described wre 
n n the sympton ind clinical course They differ only in 
c ! n the duration of the diseas« 
I) he symptomatology is limited to a more or less generalized 
tre ne muscular activit Which is especially severe in the 
Ass ited with and underlving the volitional tremor, are 
f nergia, dysmeti idiadokokinesis, asthenia and 
up In all other respects the neurological examination is negative 
| no nystagmus, ni biective vert no disturbances of the 
t mulibriwm ind no convulsive seizure The intellee- 
t ! ntact and tl ypt nerves are normal. Occasional 
f lacl ere observed in all of the case These were neve} 
! N not a ciated with nause or vomitin Subjective 
el line ind vertigo were present at times, especially in 
( i vas not SSé ated th a feeling of rotation or of move 
el ternal object ind was apparently caused by the constant 
ny of the head. In none of the cases was there a family history 
f ft r evidence of a tremor tendency before the onset of the 
fl } The intention tremoi the most striking and 
laracterist mptom of the disease This begins in one extremity 
ind progresses slowly, involving gradually and successively the remaining 
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other words, Lbiere 1 lit carry 1 ul | ss hh Lnmircal move 
ents, requiring contractions and relaxations of a very simple kind 
If during these attempts at rhythmical extensi the index fine: 


the muscles of the forearm are encircled by »examiner’s hand, it w 

be observed that with the etfo: ¢ ract the extensor indicis strong 
simultaneous contractions of the flexor n ] if forearm. fre 
quently occur, indicating a disturbance in the harmony of the assocta- 
tion mechanism of movement (dyss\ Such disturbances of 
the synergy and the measure of movements are even more apparent 


when lare 


rer and more complicated co-ordinated acts are attempted, 
such as extension of the hand, flexion of the forearm, 
The presence of these disorders of motility gives an 
true nature of the tremor, and expla ceneral 
which is produced whenever the muscular system is th 
With the verv evident lack of control in regulating sing 
not seem surprising that the patient is utterly) 
ettort to control the muscles during the activity of an entire 
In the effort to control and regulate the muscle svneret 
conditions have produced the coar atacti n tren 
characteristic of the dis 
Ldiad 
present 
the arm, 
relaxed 


that the 


innervat! 
asthenia consists 
‘ontractions exc pt fol by ( 1O ) 1 yr ex unple, 


is asked to grasp the hand of t) xaminer and to mainta 


rc 


firmly, this is found to be Os The patient grips the hand firmly 


it first, and sustains the contraction for a few seconds (five to ten 
econds), when spontaneous relaxation takes place. Another attempt 
is then immediately made only to suffer relaxation again, and even with 
the greatest effort the contractions cannot be sustained, and are 
interrupted by spontaneous and involuntary relaxations 
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ordi tary movements.’ 
\ t time thei s an extensive literature treating of this 
ibject lat l}), the great majority of the recorded cases 
n nain with the clinical picture is outlined by Dana 
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PHENOMENA PARALYSIS OF THE LOWER LIMB 


essure of this tvpe does not commonly 
and it seems therefore highly probabk 
phenomenon is not a true reflex, but 
explanation has not been found to apply, 
» fact that the field is restricted 
is often the case n hemiplegia, 


most Common, 


is the contact of cotton-wool, or of a camel’s-haii 

are stances Lives no re tle response. l have 
1us Obtained twice in the whole series of cases examined 
the reflex was verv facile 


pressure to the sole, applied, not as a contact but as a stroking 


vement, gives in typical cases a good reflex response. This is the 


method in common use in eliciting the plantar reflex, and if the stimulus 


be 


gentle a dorsiflexion of the hallux may be the only visible effect, but 


this is never the only muscular contraction, and palpation of the ham- 


stl 


ine tendons reveals, even to minimal stimuli, contraction of these 


This type of stimulus is commonly effective in evoking a reflex 


response when applied to the sole and the outer half of the dorsum of 


high as the lower end of the external malleolus. When 
the reflex is elicited by each stroke to the skin over this 
The threshold is lowest on the outer border of the sole and at 
At higher levels on the limb cutaneous stimul 
ineffectual. 
, Stimuli normally painful, such as pin-prick 
a good retlex over the whole receptive 
ndeed are detined by the use of such 
of the foot, however, repeated stimuli of 
needed to elicit a response, and they have to 
r the further they are removed from the 
Usually on the sole and dorsum a single pin- 


ck ample flexion, while on the thigh several stimuli 


‘k Succession may be hecessary. 


the deep structures of the limb gives a reflex identical 


by the methods Tie ntioned above Applied to 


) 
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muscles and tendons we find, as in the case of cutaneous stimuli, that 
stimulation of distally placed structures gives a readier response than 
that of pr ximal muscles, «ec When the rece ptive field is limited we 
tind that while, for example, pinching of the tendo Achillis gives a 
flexion reflex, Oppenheim’s procedure may be ineffectual, or that when 
this latter gives a reflex, pressure of the thigh muscles may be inade- 
quate. Ihave only twice been able to satisfy myself that Oppenheim’s 
procedure will elicit a reflex when all forms of equally intense cutaneous 
stimulation to the foot fail to do so. 

Forcible compression of the tarsus and forced flexion of the toes, as 
practised by the French observers, are examples of stimulation of 
joints and muscles which give reflex flexion of the limb 

Electrical stimuli, such as the faradie current, or thermal stimuli, 
are equally effective in giving a reflex movement when applied to the 
receptive field. 

The reflex contraction of quadriceps extensor femoris mentioned 
earlier (Loewy |28)) is an instance of a single form of stimulus, namely, 
a sudden localized light pressure, giving a specific motor response from 
a certain skin area. I have found in cases of spastic paraplegia, 
that where a light tap on the sole gives this movement, a heavie1 
tap gives reflex knee extension followed by a typical complete flexion 
retlex; a harmless stimulus gives reflex extension, a more intense, 
nocuous stimulus gives also reflex flexion—or this alone 


} 
| 
I 


Sherrington |36| describes a similar phenomenon in the spina 


in the “extensor thrust ”’ reflex, where light pressure between the toe 
1 1 


pads cives a reflex extensor thrust of the limb, but all other forms of 


stimulation, thermal, painful, or electrical, give a flexion reflex 


In cases of paraplegia with contracture in flexion where involuntary 
flexor spasms cecur, the lightest stimulation applied to any part of the 
limb, even contact with moving bedclothes, gives reflex flexion; and it 
is in such cases alone that passive movement is an adequate form of 
stimulus. In these cases, any attempt to straighten the partially flexed 
limb provokes strong reflex flexion at hip and knee with dorsiflexion 
of foot and hallex. 

In limbs only moderately spastic, or spastic in extension, passive 
movement alone gives no reflex response. 

Many patients were supported astride a horizontal bar with the 
legs hanging free. The passively flexed limb was suddenly released 
and allowed to fall into extension, but no reflex flexion, or any form 
of reflex whatever, was to be obtained. 
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pass unobserved. On the other hand, the slightes 

lasclte femoris 1s at once visible, while palpation 

reveals the slightest contraction in the hamstring 
Certain muscular contractions, therefore, 


case of the toes, however, where the effect 


If cannot be in the case of more pre KXllual joints, : 


betrays the least contraction of the extensor 


retlex this may be the only r/s//e effect, but it is by 
one present, and careful investigation has drawn me to 
that an isolated * exrtenso response 
uccompanied by contraction of the p! 
all cases a palpable contraction of semitendinosus and semum 
can be felt, while in a majority where the retlex is w 


actual movement of flexion at hip and knee obtains 
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at once apparent 


We k: W ais that the flexion reflex is most readily elicited [ron 


the s ind that here light stimuli, such as are idopted to elicit a 
plantar retlex, suffice to give it It becomes evident, therefore, that 
the ** extensor response’ has, in common with the flexion reflex, its site 
and mode of stimulation and its form, and there is no doubt that this 
well recognized and important sign of pyramidal lesion is part of the 
flexion retlex It may be said at once that Babinski [8| refuses to 


rccept such an interpretation, which Marie and Foix | 30) have already 
put forward in a somewhat qualified and different form 

It might be thought, as these authors say, that the “extensor response ”’ 
s the minimal response or “ motor focus” of the reflex This is not 
ilways a point easy of solution, since, as I have pointed out, the con- 
tractions of certain proximal flexors are not easy to observe and do not 
lend themselves to graphic recording as readily as toe movement 

A study, however, of the reflex in conditions of ‘* spinal shock ’ 
shows that the inner hamstrings are the muscles which are earliest 
involved and form the ‘‘ motor focus” of the reflex. 

From this point of view, observations were made on three patients 
with hemiplegia from cerebral tumour, when comatose and at the point 
of death. The affected limbs became absolutely flaccid, and the tendon 
jerks disappeared while a flexion reflex remained still readily obtainabk 
from a fairly wide receptive field on intense stimulation, such as pin- 
prick or pinching. Gradually the field became smaller until from the 
sole alone could a reflex be elicited. In all three instances the 
following phenomenon was then seen: The reflex motor response 
became less ample and forcible until only a toe movement was seen, 
but a palpable hamstring contraction remained, and in one of the three, 
an emaciated patient, this indeed could be seen. The field of musculature 
involved then shrank until the toe movement went, and the only evidence 
f reflex response on stroking the sole was a readily felt hamstring con- 
traction. Finally, this went and the limb retained no sign of reflex 
action. 

I think it justified, therefore, to regard these muscles, in man as in 
inimals according to Sherrington, as the motor focus of the reflex. It 
must be admitted, though, that certain deep-lying proximal flexors could 
not be investigated. 

Case | (in the Appendix) shows this phenomenon inversely. It was 


a case of acute complete transverse myelitis. When seen a week after 
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onset there was absolute flaccid paralysis with retention of urine, 
complete sensory loss over the lower limbs and absent tendon-jerks 
judged by Bastian’s criteria, a total tranverse lesion 

Heavy stroking of the sole, and here only, gave reflex flexion at 
hip and knee, feeble but definite There was no foot or toe movement 
‘he minimal motor response was hamstring contraction alone 

Within the next few days the retlex response increased, dorsitlexiot 
of foot and finally of hallux appearing. From this time on an “ extens 


; 


response’ could be obtained, but hamstring contraction still remained 
the minimal motor response to slight sole stimulation 

Here we can see the variation in threshold of contraction of the 
different muscles, a variation which is not evident in the fully devel ped 
reflex. The muscles disappear from the retlex response in the invers 
order to that in which their contractions first appeat 

The “ extensor plantar response” is therefore not the minimal motor 
response, and it is never obtained without contraction probably of 
the limb flexors, certainly of some proximal flexors It is not separa 


7 ' 
Pron Tlie JT ¢ Oo} resviea 


}.e., with a so-called the r respons ‘ This yuestion | ! I 
the consideration of “ local sign ” in retlex respons 
It has been shown that within the limits { the rer pt Ve 
an adequate stimulus gives only one type of reth response, namel 
fl ! the liml Yet it was lon go pointed t | bins 
that tl pathological type of plantar refl val S é f 
cording to the site stimulated He obser t] 
outer borde : ti sole vave eversiol 4 I 1 t 
movement, while from the inner | tl sole inve 
foot oceur | Furth he savs t S ! S b fl 
vhen elicited from the thig companied by plantartlexion of 
toes Lt r response § 
[t is found that wl the fl t! preset rsifl 
the hallu ilwavs results fro stimulat t S 
accompanied by contraction, more or less forcible, of the 
Stimulation of the upper limits of the field gives the same type of 
but certain modifications are somet es present These re t t 
contractiol f the distal muscles is less powerful, and there may b 
little, if any, “* extensor response ”’ In such cases, which, however, are the 


exception In two of the instances in which I have observed s! 


actual plantartlexion accompanying limb tlexion, this was not an active 
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movement but 


i passive pull when the foot dorsiflexed, since if the 
dorsiflexion of the foot was prevented and the angle between foot and 
leg maintained constant, this movement did not occur. 

In another class of case active plantartlexion does occur (see figs 
2 and 3), but graphic records show that it precedes a dorsiflexion 
movement which synchronizes with the limb flexion. 


In a case of this type, which was one of syphilitic focal myelitis with 
spasticity in extension, exaggerated tendon-jerks, clonus and Babinski 
yp f plantar refl pinching of the skin of the thigh gave the 
vy Yr . — rr eo 
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therefore, a transitional zone from which, on stimulation, there was 
obtained a retlex extension followed by a reflex flexion 

\ third class of case, in which this anomaly may appear, is in old- 
standing paraplegias with contracture of the toes in_ plantartlexion. 
In such a case a dorsiflexion of toes is impossible. It would be 
supe rtluous to emphasize this were it not that such a case has been 
used by Babinski [8] to prove that these two phenomena of liml 
flexion are separable and different in nature. 


————_.— > . ~ , + —_—- + r rT > ie on 


ae See 
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B 
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Fic. 3.—Simultaneous comparative records of t movement and limb flex it hip and 
cnee. The upper tracing records only limb tlexion, and was taken from the external mall 

The lower, taken from the tip of the hallux, records the plantar reflex also. The vertical 
strokes (A and B) through the rds indicates corresponding places in the two cases. The 


stimulation was in each instance a pinch of the skin on the inner side of the thigh (upward 


movement dorsiflexion). Thess iow that the ‘‘ flexor response” consists of a feeble 


plantarflexion of hallux, which precedes the ample dorsiflexion of foot and toe, this latter 


being synchronous with the limb flexion of which it is a part. 


The consideration of these cases in which plantarflexion of foot and 
toes is associated with limb flexion, raises the question of the relation- 
ship between the normal “ flexor response ”’ and limb flexion as a whole. 
[ shall later refer to some of the characteristics of the normal plantar 
response in detailing the differences which exist between it and the 
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‘rossed plantar retlex. The normal plantar reflex, as I shall there 
lescribe it, consists of plantarflexion of digits, and is accompanied by 
dorsiflexion of the foot, contraction of tensor fascisw femoris, and certain 


ther variabl ntractions of the linb musculature 


aaa 
Sec. 

Fic. 4.—Synchronous records of hallux and foot movement in a diphasic response, such 

as those in f 2and3. The upper was taken from the ball of the foot by means of a thread 


nected with a writing lever. The lower tracing was similarly taken from the tip of the 
hallux They show that in the preliminary plantarflexion, both toe and foot take part, just 


as in the subsequent ‘extensor response.” In each case the hallux movement is the more 


In some cases, apparently flexor and extensor movements are com- 
bined in varying proportions, so that, as far as my investigations go, the 
norma! “ flexor response ’’ does not appear to form part of any systematic 
reflex movement of flexion, such as seems to be the case with the “ ex- 


tensor response.” It is open to question whether the normal plantar 
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reflex is a co-ordinated movement involving contraction and relaxation 
of opposing muscle groups, that is, “ reciprocal innervation,” such as 
the pathological reflex undoubtedly is. 


N 4.—Involuntary File ror Spasms and Parapl gia in LE rion 


In this description of the reflex movement, I have so far dealt with 
a definite reflex elicited by a definite, known stimulus. What place do 
the involuntary flexor spasins, so prominent in some cases of spastic 
paraplegia, take ? 

Examination reveals that each flexor spasm is a powerful flexion 
reflex complete in form. These spasms occur most frequently in cases 
of paraplegia in flexion, and as the extended type of paraplegia passes 
on to this severer form, the flexor spasms increase in strength and fre- 
quency. Until Babinski drew attention to the flexed form of spastic 
paraplegia and showed that it possessed constant characteristics, it was 
the custom, and still is in this country, to dismiss it lightly as differing 
from the form in which the legs are extended, only by the presence of 
contracture in the flexors. But, as Babinski |5| has pointed out, this 
so-called “contracture” is an active muscular contraction, and perma 
nent fibrous contracture is but a terminal phenomenon. Moreover, the 
condition is characterized by complete intermissions of the spasm, wh 
result in the production of alternating flexion and extension movements 
Of these the former are active, the latter generally passive and due t 
t 


tension snow suc! 


relaxation of the flexo1 spasm. Legs spastic in ex 
variations. 


' 1 


In paraplegia in flexion we have a condition in which the exte1 


muscles show little o1 » trace of retlex action, and in which the flexon 
are, therefore, unantagonized The intermissions described by Babins] 
are periods between successive fl wy spasms, O1 flexion refle 


Even when this condition of complete absence of retlex action in the 


extensors has ensued in a progressive paraplegia, the reflex activity of 
the flexors remains ch cteristically phasic, and a permanent attitude 
of the limb in flexion only appears when actual contracture has set in 11 


the muscles. Palpation of the tendons of the hamstrings reveals the 
markedly intermittent nature of the spasms, and it is when thes« 
ininimal or absent that hamstring-jerks are to be obtained most readily 
Whether these tlexor spasms are actually spontaneous or n 
uncertain. Any manipulation of the limb, or any light cutaneous 
stimulus such as that of cold when the bedclothes are removed, increases 


the spasm. Also since we know that an intact afferent path fron 
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muscles to cord is essential (Sherrington, Foerster) it seems probable 
that we are only dealing with a condition in which the threshold of 
stimulation is extremely low. 

Flexor spasms also occur in paraplegia in extension, and in a lesser 
degree in hemiplegia. In the former case they are usually alternating 
in time in the two limbs, not simultaneous. In paraplegia in flexion 
they are often bilateral and synchronous. 

The involuntary spasm typical of the extended form of spastic 
paralysis, however, consists of a sudden increase of extensor tone, usually 
in both limbs at once, and not producing any actual movement. This 
jerky spasm is quite unlike the slow powerful flexion reflex, and is allied 


to the spontaneous limb-clonus so often seen in these cases. 


S 5 Re ipro al Tnnervati nin the I lerion Re thi .. 


So far I have dealt solely with the muscular contractions in the 
flexion reflex livery co-ordinated movement involves, as Sherrington 


has shown, both excitation and inhibition; excitation and contraction 





of the “‘ prime movers” (Beevor), the flexors in this case, with inhibition 
and relaxation of their antagonists, the extensors 

Certain muscles are pure flexors, e.g., sartorius; others act as 
flexors of one joint and extensors of anothe: Such muscles are the 
hamstrings, which extend the hip and flex the kne¢ In the flexion 
reflex these muscles act as flexors, their extensor action being coin- 
pletely overcome by the hip flexors. Rectus femoris also illustrates this 
ind the further point that muscles which are regarded as_ units 
it re not so pl logically ; thus, in the flexion reflex, rectus 
while the vasti, being pure extensors, are inhibited. Yet 
for) art of one musel juadriceps extensor femoris beevor 

is dra ittention to this separate action of rectus femoris | 10 


In the case f pure extensors, such as the vasti, we have clea 


evidence f their inhibition during the progress of a flexion reflex. 
[he knee-jerk and knee-clonus are evidence of reflex activity in the 
exten , and these phenomena are diminished or even abolished by a 
fli yn refi 

It has long been known that a sudden pinch of the skin of the limb 
would stop an ankle-clonus, and Brown-Séquard | 11) pointed out that 
clonus (“spinal epilepsy’’) of a spastic limb could be stopped immediately, 


and the limb rendered “perfectly supple and pliable’ by forcible plantar- 


flexion of the ballux, but no definite explanation has ever been forth- 


comin In the light of the present investigation the cause is clear. 


i, 
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It is found that if the knee-jerk in a case of paralysis be 
he limb be then briskly stroked 
wl 


spast Te 


rhythmically elicited and the sole of 


for some seconds, the jerk commonly diminishes in force, even en the 


} 


reflex flexion is not sufficient to prevent it mechanically 


a) Kir 
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Fic. 5.—The upper tracings record a s} t ee-clor the in ‘f extensor 
response,” elicited by stroking the s harply. There was no } tary flexion 
of the limb, which was fully extended when recording the reflex m ments While 
active flexion was in progress the used, reappeari? it once on 
the cessation of the flexion reflex. The upward excursion in the uppé rd was due t 
some flexion at hip and knee accompanying the ‘** extensor respor ind s represent 
any active movement of the patella with which the lever was connected 
The phenomenon can be recorded graphically in the case of a 
spontaneous knee-clonus which can often be inhibited by light sole 
stimulation. Fig. 5 is such a record taken from a case of extra- 


spastic paresis 


medullary spinal tumour of 7th cervical level, causing 
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of the lower extremities in extension. The extensor rigidity was 
intense and spontaneous knee-clonus was frequent All the tendon- 


jerks were increased, and the plantar response was “ extensor”’ in type 

Light sole stimulation gave a flexion reflex with very little actual 
limb flexion, but an ample toe movement. While this lasted the knee- 
clonus ceased, and recurred when the flexors ceased to be actively 
contracted ; a beautiful example of reciprocal innervation in the flexion 
reflex 

In fig. 5 note that the upward movement in the clonus curve is due 
to limb flexion—not to vastus contraction and traction on the patella. 
Th S tie x10n movement could not FY abolished completely. The crossed 
knee-clonus is affected in quite a different manner and will be dealt 
with in the next section 

We have evidence, therefore, that extensor tonus is inhibited by 
etive contraction of the flexors in the flexion reflex, and we shall 


liscuss, at a later stage, the etfect of this constantly maintained extensor 


N i, Re the res ACcessOory Tt the Fil rion Re the / Crossed and Homolate ral 
Leatension The Crossed Plantar Reflex. 


Reflexes accessory to the flexion reflex are the crossed extension 
reflex, the crossed plantar response, and the homolateral reflex exten- 
sion obtained, in some cases, by stimulation of the skin of the bass 
of the thigh, or of the perineum. This last is independent of the 
flexion reflex, although it occasionally seems to occur in association 
vith it. Reflex extension is commonly seen, however, in association 
with retlex flexion as a crossed phenomenon 

Babinski |} 1), Byrom Bramwell |12]|, Fairbanks |19!| and others 
have recorded that in certain cases of spastic paralysis in which an 
‘extensor type of plantar reflex is obtainable, there occurs, on stimu- 
lation of the crossed foot, a plantar reflex of “flexor” type. Thus in 
hemiplegia an “extensor” plantar reflex is obtained from the affected 
limb, but on eliciting a plantar on the sound side a “ flexor” plantar 
response is seen on the affected side. 

I xamination of this crossed response shows that it differs funda- 
mentally from the normal plantar retlex, the so-called ** flexor response.’ 

In this we see plantarflexion of digits, dorsiflexion of foot, a constant 
contraction of tensor fasci# femoris and certain inconstant contractions 


of the limb musculature 
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Fic. 6.—Homolateral and Crossed Plantar Responses. a 


resting positi 


’ 
] 


B, plantar stimulation of left sole giving flexion reflex (flexion at hip and knee 
prevented by an assistant). On right side a *‘ crossed plantar response." 
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The crossed plantar response, examined in the extended limb, 
consists of plantartlexion of both foot and toes, but no tensor fascis 
femoris contraction. 

‘Tae contrast is well seen on eliciting a plantar retlex from the normal 
sole of a hemiplegic in whom the crossed retlex occurs. The dissimilarity 
between the two is striking. 

This crossed retlex would, therefore, seem to be indicative of active 


extension of the limb, and this is readily capable of proof. If the limb 


P 





| a a SE AA a See ee, a a a a a en ae 
1Sec 
Fic. 7 Flex and Crossed Extension Reflexes. a, left limb. This was held supported 
lexion by an assistant ne hand under heel, and one over knee to prevent the limb falling 
laterally ; B, right limt This lay extended and the sole was stimulated by a brisk stroking. 
Both records are one-eighth of the amplitude of the actual excursion of the limb. Flexion 
% upward, extension a downward, movement. 


be previously flexed and supported lightly so that no resistance is offered 
to active extension and the crossed sole then stimulated, there occurs an 
ictive extension at hip and knee as well as the movements already 
described. This is the crossed extension reflex. 

The crossed * fle ror response "ts, the rejore, part of a crossed extension 
rejlec. Crossed extension and the crossed plantarflexion, when present, 
commonly occur together. Rarely the latter is seen alone or without a 
trace of extension at the hip and knee, and I conclude that, as in the 
spinal animal, crossed extension may be present only at the distal joints. 
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Crossed extension at hip and knee without plantarflexion of foot and toes 
I have not seen. 
It is the general rule in cases of spastic paralysis with rigidity in 


extension and increased knee- and ankle-jerks for the crossed extension 


reflex to be present, but it is not constantly present. Two photographs 
and a graphic record (figs. 6 and 7) from a case of spastic paraplegia 
due to meningo-myelitis show these reflexes. 

In this case the lees showed moderate paresis with strone extensor 
rigidity. All the tendon-jerks were exaggerated, and there was knee- 
and ankle-clonus, and “extensor responses”’ from the soles. Crossed 
extension was constant and very active. When the crossed limb, right 
or left, lay extended, this was seen as plantartlexion of foot and toes, 
but when flexed, active extension occurred at all joints. 

The photographs (fig. 6, A and Bb) show the resting attitude of the 
limbs and the flexion reflex on the stimulated side with the crossed 
plantar response. ‘The combination of plantarflexion of foot and toe 
is well seen, and it is obvious that the crossed reflex is not the 
normal ‘flexor plantar response.” 

Fairly strong stimulation of the sole was needed to evoke a good 
crossed extension and minimal stimuli gave plantartlexion of foot 
and toe alone, the motor focus evidently being distal in this reflex 

The crossed extension reflex is always, in my experience, a single 
and not an alternating retlex. There is, it is true, often a flexion rebound 
after active extension, which is seen as an “ extenso response ™* with 
slight flexion at all joints. If the whole movement be very rapid, this 
crossed “ extensor response ” is apparently synchronous with the homo- 
lateral flexion reflex, and I think that the ‘‘ crossed Babinski’ which 
has been described is of this type, and is not synchronous with flexion 
in the stimulated limb, but is a rebound following crossed exten- 
sion, such as Sherrington | 36; describes Figs. 8 ana 9 show this 
photographically and graphically 

The case from which these were obtained was one of acute 
disseminated sclerosis. When the patient first came under observation 
the legs showed spastic paresis in extension with a well-marked flexion 
reflex and crossed extension reflex The condition in the legs pro- 
eressed and became that of paraplegia in flexion; as this happened 
the crossed extension disapp ared (This case is described il lenct] 
in Appendix, Case 2 
A well-marked flexion reflex may be present without any evideice of 


crossed extension, which is no integral part of the reflex. The factor 
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determining absolutely the occurrence of the crossed extension reflex 
is the presence of reflex activity in the extensor muscles of the limb 
The indications of reflex activity of this group of muscles are increased 


knee- and ankle-jerks, the presence of clonus and spasticity in extension 








Fic. Sa Resting attitude of limbs. 


Fic. 8! Flexion reflex with crossed plantar response,’ consisting f plantarflexion 


These are the conditions found in hemiplegia and in paraplegia 
in extension, in which alone crossed extension is seen. It is not 
seen in paraplegia in flexion, which I have found to be characterized 


BRALIN,—VOL. XXXVII 20 
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Fig. Sc. 


Fic. 8c.-—‘* Rebound "’ in each limb in opposite sense to original moveme 





‘ 
Fic. 9 is a graphie re d ! men 8 I I ] 
. crossed plantartlexion followed by an ‘exter respor p 
The lower tracing multaneously taken, i exter 
the left sole. The crossed exter n is synchronous with thi 
response is later This is t direct re rd f ill ! | r I 
indicates dorsiflexion, and downward movement plantarflexion, Tin 





| 
) 
) 
| 


REFLEX PHENOMENA IN PARALYSIS OF THE LOWER LIMBS 297 


by the absence or diminution of the reflex activity of the limb extensors, 
while in the flexors this is conserved and increased. The stimulus 
and receptive field for the crossed extension reflex are those of the 
homolateral flexion reflex. 

In this reflex the muscles which contract are those which in the 
flexion reflex are inhibited. This increased tone in the extensors 
I have been able to record graphically, in the case of the knee extensors. 

In a case of spastic paraplegia of Erb’s type in which there was 
spontaneous knee-clonus, the eliciting of a plantar reflex, i.e., a flexion 
reflex, caused an inhibition of the knee-clonus on the same side, but so 
increased the tonus of the crossed extensors that they went into well- 
marked tonic spasm, which relaxed and resumed the clonic form on 
cessation of the stimulus (fig. 10) 








i —— . — = = = ™ enigma 
eee Eee, 
1 Sec. 
ae —s — as $errrnrnnnneen VA 
Fi 10.—Records a spontaneous vastus clonus becoming strong tonic spasm during 
plantar stimulatior f the crossed leg The upper signal records the duration of the sole 
stimulu The wer signal ve time in seconds (two segments to 1 sec.) 


In the case from which figs. 8 and 9 were obtained, the same 
phenomenon was demonstrable in a different way. The condition 
passed from that of paraplegia in extension to paraplegia in flexion, 
the right leg being affected earlier than the left. The right knee-jerk 
failed and soon disappeared. For two weeks after the knee-jerk had 
ceased to be obtained by ordinary means alone, it could be caused to 
reappear by simultaneous stimulation of the crossed sole, and for as long 
as this stimulation lasted. Unfortunately, the jerk thus obtained was 
too feeble to lend itself to graphic record. But for a period of at least 
two weeks this reinforcement of the crossed extensors could be seen. 
\lso, evidence of inhibition of the crossed flexors during a flexion 
reflex is often obtainable If, by gentle continued stimulation of one 
sole, in a case of spastic paraplegia, the hallux be induced to assume 
an attitude of dorsiflexion, similar stroking of the crossed sole will cause 
a definite plantarflexion of the toe originally dorsiflexed, in spite of con- 


tinued stroking of the sole. Of course, increased intensity of the original 
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stimulus will cause the reappearance of the flexion reflex originally 
elicited. This brings me to a further fact that the homolateral reflex 
will, if sufficiently intense, always break through and overcome a crossed 
reflex of whatever intensity. That is, a relatively weak flexion reflex is 
more potent than the most intense crossed extension reflex. 

The rebound following reflex flexion and crossed extension are also 
accessory to the flexion reflex, since they follow it. Sherrington (36 
has described in all reflex reactions a “ post inhibitory exaltation 
of activity of the muscles inhibited during the reflex. This certainly 
occurs in the flexion reflex and crossed extension reflex. In the forme: 
as rebound extension, and in the latter as rebound flexion. The latte: 
I have already spoken of, and figs. 8 and 9 illustrate it 

Homolateral extension refler—This is of relatively rare occurrence 
and I have seen it only five times in the series of cases examined 


it 


It is obtained, as mentioned earlier (see p. 285), on stimulation of 

skin, by pin-prick or pinching, of the upper extremity of the thigh and 

of the perineum, and consists in a quick extension at hip and knee witl 

plantarflexion of ankle and toes. On the few occasions I have seen 

I have not observed any crossed reflex accompanying it 
Sherrington cescribes a similar reflex occurring on stimulation of 


the base of the limb or of the perineum by painful stimuli in animals 


N oA Fa tors odify Wag the Ref res 


lad Vusele T die /) thre li id 


Thus far, I have described the features of a typical flexion reflex and 
of a crossed extension reflex Whenever obtained, the flexion reflex 
consists of a single movement of flexion of the limb, but it is quite clear 
that the groundwork of muscle tone into which the reflex breaks must 
have a modifying effect on it, while in the case of the crossed exten- 
sion reflex its existence depends on the presence of hypertonus in the 
extensor group of muscles in the limb 

It is not my intention here to go deeply into the question of 
contracture and hypertonus, but, regarded broadly, the lower extremity 
may show either of two conditions in spastic paralysis : 

(1) It may be a limb rigid in extension, with hypertonus pre- 
dominant in the extensors, which muscles show also, as signs of in- 
creased reflex activity, increased knee-jerk and ankle-jerk with clonus 
The flexors also show great increase of reflex activity, e.g., the flexion 
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reflex with the Babinski plantar response, involuntary flexor spasms and 
increased hamstring-jerks. Such a condition is seen in hemiplegia. 

(2) It may be a limb spastic in flexion. In such a case we find 
evidence that the reflex activity of the extensors is greatly diminished, 


or absent. The knee-jerks and ankle-jerks are feeble or unobtainable. 


There is no clonus. The extensors show no hypertonus. ‘The flexors, 
mn the other hand, show extreme reflex irritability. There is a well- 
marked flexion reflex with its Babinski plantar phenomenon [nvolun- 


tary flexor spasms are continual, and reflex flexion is provoked by the 
shghtest cutaneous stimulus to the linb. The hamstring-jerks are very 
brisk he muscles do not, it is true, show the steadily maintained 
hypertonus characteristic of the extensor rigidity, but the limb tends 
eventually to go into a permanent attitude of flexion. Even then, 
however, until contracture becomes marked, there are periodical remis- 


sions of the flexor spasm, and the legs fall into extension transiently. 


In speaking above of the predominance of extensor spasticity, in 


‘ases Of spastic paralysis in extension, I do not necessarily imply that 
when a lesion gives rise to such a condition the extensors are more attected 
than the flexors I would rather suggest that they are differently 


itfected, and that while the extensors show their separation from a 
higher centre, or their liberation from cortical control by entering in a 
condition of maintained hypertonus, which might, using Sherrington’s 
phraseol be ealled a “‘ static reflex,” the tlexors indicate their libera- 
tion characteristically, in the appearance of the flexion retlex—a “ phasic 
retlex Both muscle groups show increased tendon-jerks. 

Whether this view be accepted or not, it is certain that the leg, in 
eases of spastic paralysis, must conform to one or other type, except in 

nditions of “ spinal shock,” when the extensors show no sign of reflex 
ctivity and that of the flexors, though present, is minimal. These 
special conditions will be discussed later. 

We are able then, except in this third case, to examine the tlexion 
reth inder these two conditions; with and without the presence of 
extensor retlex activity in the limb. 

These two types of paraplegia, the clinical characteristics of which 
have been emphasized by Babinski | 2, 5|,and named by him “ paraplegia 
n extension,” and “ paraplegia in flexion,” give us the opportunity of 
examining the effect which a groundwork of hypertonus in the ex- 
tensors has on the flexion reflex. This retlex employs the flexors, while 
the antagonists of these muscles, the extensors, are by reciprocal inner- 


vation inhibited during the progress of the reflex. 








500 ORIGINAL ARTICLES AND CLINICAL CASES 


The fhe rion refle rin paraple gia in extension.—In this type of spastic 
paralysis the flexion reflex is characterized by being less easily elicited 
in the ample form seen in paraplegia in flexion. The toe movement 
may be the only actual movement visible, though palpation of the ham- 
strings will reveal invariably a contraction of these muscles 

The reflex movement is, when it involves actual flexion at hip and 
knee, always rapid, and is followed immediately on cessation of the 
exciting stimulus by quick active extension ‘‘ rebound.” It is in these 
circumstances that intermittent flexion is found Fig. 11 records this 
unequally maintained flexion. In this there is no true alternating flexion 
and extension. The condition is one in which a flexion reflex incom- 


t 


pletely overcomes a strongly maintained hypertonus in the antagonist 


a static reflex is broken into imperfectly by a phasic reflex. 


—_——-— 7 r 


inciigepenmgegrer 
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The case from which this record was obtained was one of cerebro 
spinal lues, with spasticity of the legs in extension. In these circum- 
stances the flexion reflex consisted of an excitation of the flexors 
which broke into a maintained hypertonus of the extensors. This it 
temporarily and imperfectly inhibited and replaced 

Dependent also on this extensor tonus is the crossed extension retle: 
which never occurs except when the extensors show increased refle 
activity In cases of increasing paraplegia in which the legs go into ar 
attitude of flexion, this crossed reflex disappears part passu Ww th the 
diminution of extensor hypertonus, knee-jerk and ankle-jerk 

The crossed extension reflex is only seen therefore, clinically, in 
cases of hemiplegia and of paraplegia in extension. It does not occu 


in paraplegia in flexion (see Case 2, in Appendix). 
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The flerion refler in hemiplegia is very like that obtaining in para- 


plegia in extension as regards extensor rebound and the presence of 
the accessory crossed extension reflex In hemiplegia, however, the 
severance of the lower motor centres from voluntary control is less 
complete tl in most cases of paraplegia, so that the flexion reflex 
tends to be more facile in the latter. There are other modifications, too 


The receptive field is often confined to the foot, sole and dorsum, for 


cutane stimuli, and to below the knee for deep muscular stimuli 
(Oppenheim’s procedure The response is seldom ample, but is true 
to type in that the *‘ Babinski response” is accompanied by palpable 
hamstring contraction The reflex, in other words, though present 
ind complete in form, is less facile and less ample ; less uncontrolled 

a ed extension is present, and can be elicited by stimulation of 


the sole on the normal side 
| paraplegia t flea / In these cases the flexion retlex reaches 


its greatest development, and in the transition from paraplegia in 


extension to this condition the involuntary flexor spasms Increase in 
power and frequency, until an attitude of flexion is attained kiven in 
this the } sic character of the retlex is seen im transient intermissions, 
partial miplete, of the flexor “ spasticity.’ 


The receptive field is very wide and may reach the abdominal wall 


iffice, and the minimal reflex responses 


\tensar response Ss to the most s iperficial 


bservation, not an isolated phenomenon, however lehtly obtained. 


The muscle ictivated are the tlexors only and the response never 
nvolves the ext ws of the limb. ‘There is usually no active rebound, 
but thi entary diminution of tone that follows a retlex may allow 
the limb to extend passively with gravity Ther s no crossed 
extension retlex with its plantartlexion of foot and tos 
| S extreme pasticit n tlexion, we oceasionally see a 
tlex, svnehronous with—or slightly later than—the 
hon teral flexion retles here is no doubt that, in cases with 
diminished absent extensor retlex activity and increased flexor reflex 
tubility, ‘rossed symmetrical retlex flexion may occur. I is, how 
ever, | ptional, though it accounts for a small percentage of cases of 


so-called crossed ** extenso! response 
Intermediate between the two groups of spastic paralysis is a class 
of progressive spastic paraplegias, from compression or intramedullary 


lesions of various kinds, in which we are able to see a transition from 


paraplegia in extension tw paraplegia in flexion. 
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This change is only found in increasingly extensive transverse 
lesions, i.e., it depends on more and more complete severance of cord 
and brain. It is characterized, as I have already pointed out, by 
progressive disappearance of reflec activity in the extensor group of 
muscles. As this change goes on, the flexion reflex tends to become 
more facile and forcible. It no longer has to overcome a maintained 
reflex tonus in its antagonists 

A final condition is that “” spinal shock.’ This is seen in eases of 
complete transverse lesion of the cord, and in coma preceding deat] 
Case 1 in Appendix is an example of the former 

Lewandowsky and Neuhof | 27, and Dejerine and Valens’ 16, have 
reported cases of complete cord lesion, verified by autopsy, in which 
signs of reflex activity were present in the legs. 

In Lewandowsky’s case, an *‘ extensor response ’’ was obtained, and 
also “reflex contractions of the thigh muscles.” Following prolonged 
faradism an ankle-jerk was also transiently obtained 

In Dejerine and Valensi’s case, pinching of the skin of the thigh 
gave a brisk flexion at hip and knee, but for mechanical reasons no 
“extensor response.’ In both cases there was complete flaccid palsy 
with sensory loss and absent tendon-jerks 

In three cases of my series there have been, according to Bastian’s | 9 
law, complete transverse lesions. One case is given at length (Case 1, 
\ppendix). All showed the presence of reflex activity in the flexors, 
and in these muscles alon This was, it is true, minimal, and reflex 
flexion could only be obtained from the distal extremity of the limb. In 
each case the minimal response was a hamstring contraction In one 
case, at onset, no toe movement was obtained, only flexion at hip and 


knee. All were characterized, as were the cases quoted above, by com- 


plete absence of any signs of reflex activity in the extensors. ‘his 
fact is most significant. In the higher animals, e.g., monkey, recovery 
from ‘spinal shock” is late and very incomplete, occurring much late. 


and less completely in extensors than in flexors. In man, shock is more 
profound, but, for a period at least, there is evidence of reflex activity in 


one group of muscles, the flexors, until “ isolation dystrophy’ destroys 


all possibility of spinal cord function 


(OD) Se NSOrY Disturbances in the Limb 
The interruption of central afferent paths has no effect on the 


Hexion reflex. As typical a flexion reflex is seen in cases with com- 


plete as in those with no sensory loss. 
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In a case of lesion of the lower dorsal cord of sudden onset following 
parturition, and probably thrombotic in origin, there was complete motor 
paralysis and sensory loss in the lower limbs. Bedsores rapidly developed 
and very shortly the legs went into flexion, and the typical clinical pictur 
of paraplegia in flexion, as described by Babinski, resulted. There was a 
very facile and powerful flexion reflex and “ extensor plantar response.” 
Within two months the sensory disturbance cleared up entirely and at 
present sensation is normal. The motor paralysis and attitude of flexion 


of the limbs remain almost unchanged, as does also the flexion reflex. 


J 
/ 
f 


{ paraplegia in flexion that the flexion reflex is best 
developed Such cases are generally indicative of severe involvement of 
he cord, either by compression or in advanced intramedullary lesions, 
e.o,, transverse mvelitis, disseminated sclerosis Very commonly 
profound sensory loss is present and it is in these cases that we see 
the retlex movements to best advantage, since all voluntary etfort and 


‘control are absent, and the patient is unaware both of stimulus and 


Tt may be uid. therefore. that even profound interrupt n of central 
f } f Lit j 4] j i] 
aere paths has no modifying effect on The flerion reflex. 
AS re yards the er ssed extension rv tlex, it is not possible to ake sO 
ibsolute a statement As already pointed out, this reflex depends for 


its occurrence nm the presence of a retlexly active extensor group ol 


muscles Now, in cases ol compl te or extreme sensorv loss, it is not 
the rule to find this condition, rather do we find the more advanced 
condition of paraplegia in flexion in which no crossed extension reflex 
ceul | onelude that the integrity of at least some afferent 


paths to the brain essential for the presence of reflex activity of 


Any interruption, however, of the afferent side of the spinal refle: 
ue at the appropriate level, if sufficiently complete, will cause the 


disappearance of all reflex activit, 


CHAPTER I\ SUMMARY OF CLINICAL FINDINGS 


|) In spastic paralysis of the lower limbs the most common reflex 
movement is that of flexion This consists, when complete, of flexion 
at the hip and knee with dorsiflexion of the foot and toes, more 
especially of the hallux. I speak of this as the flexion reflex of the 
lower limb. It occurs as the apparently spontaneous flexor spasms so 
prominent in many cases of spastic paraplegia, and on appropriate 


stimulation of the limb. 
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reflex coi- 
The 


especially over the oute) 


‘of the 
prises the skin and deep structures of almost the entire limb 
threshold of 
half. 


In general, stimuli of 


(2) The reflexogenous area or “ receptive field 


stimulation is lowest on the sole, 


“nocuous”’ or harmful character are most 


adequate to produce a reflex, but, on the sole, light painless pressure 
applied by stroking will evoke a reflex response 
From the proximal fourth of the thigh, reflex extension is sometimes 


obtained. This is infrequent, and apart from the crossed extension 


accessory to the flexion reflex, reflex movements of extension hardl) 
ever occur. 
(3) The “extensor” type of plantar response never occurs without 


evidence of reflex contraction of more proximally situated flexor muscles, 


notably the hamstrings. And conversely, a flexion reflex always includes 








the dorsiflexion of the hallux, known as the “‘ extensor respons« Both 
are elicited in the same manner and from the same receptive field 
They are inseparable and are clearly parts of the same phenomenon 

(4) Inhibition of the extensors of the limb—the antagonists of th: 
contracting muscles—is seen in the flexion reflex as inhibition of the 
knee-jerk and knee-clonus, and as diminution of the hypertonus of the 
extensors while active flexion lasts; following this, “ extensor rebound 
may be seen 

(5) When the limbs are spastic in extension, a ossed extensio} 
reflex may occur on eliciting a flexion retl Of this crossed exten 
sion reflex, plantarflexion of the foot and toes is a part, and con- 
stitutes the “crossed plantar refle of Babinski and others Bot] 
flexion and crossed extension reflexes consist in single movemet if 
the limb of the same duration as the excitin mulus, and showin 
no rhythmic character. 

(6) The occurrence of a crossed extension refl depends m the 
existence of a high degree of reflex activity in the extensors, such as 


is found in the affected limb in 


extension.’ 


hemiplegia and 


It never occurs apart fron 


1h) 


this 


it its highest development in 


(7) The flexion reflex is seen 
condition of ** paraplegia in flexion,” in which, the 
lost their reflex activity, that of the flexors, 
has reached this extreme form, where it constitutes 


question, 


(8) The two clinical forms of spastic paralysis of the le 


described by Babinski, ar 


found to have this essential 


limb extensors havin: 


which 1s phasic in t 


‘paraplegia in 


tne 


pe 


the condition in 
os, first clearly 
difference: that 
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while the extended form shows reflex activity in both flexor and extensor 
groups of muscles, the flexors alone retain this in the flexed form. In 
paraplegia in flexion the knee- and ankle-jerks may be absent, but the 
hamstring-jerks are always brisk. The statement, therefore, that the 
tendon-jerks may be absent in this type of spastic paralysis is not correct 
They still exist in the only muscles with reflex action, namely, the 
flexo 


9) Comparison of the two forms shows that the specific reflex action 
of the extensors consists in the maintenance of a high degree of tone in 


these muscles, * a static refler.’ The flexors, on the other hand, unde) 


the same conditions of pyramidal tract affection, develop a re flex activity 


~ Phas 


; 


ypc, giving rise to reflex movement 


CHAPTER \ PHYSIOLOGICAL CONSIDERATIONS 


) * 4) ” ’ 
| The Physiological Signuinecance of the Flexion Retler and 


if the “ Ewtensor Re SPONse 


It ibundantly clear that the reflex phenomena occurring in the 
lower limbs, as an accompaniment of pyramidal tract affection, present 
the closest possible analogies with those described by Sherrington in his 
inimal experiments. We must now consider whether they are capable 
f the same explanation, and whether we are justified in applying to 
man the conclusions at which Sherrington has arrived as the result 
of his physiological researches on animals 

The flexion reflex, including the dorsiflexion of the foot and hallux, 
has been shown to occur in man, on the application of appro- 
priate stimuli to the limb, and the crossed extension reflex which ma) 
iccompany it, ave strictly analogous with the flexion and crossed exten- 

on retlexes of the hind limb of the spinal and decerebrate animals, in 
regard to the nature of the stimulus, the extent of receptive field and 
the form of the moto response, 1n each instance. 


Sherrington concludes that this reflex is protective in function. It 


litt from “spinal stepping” in that it is a single and not an alternat- 
ing retlex, and that it is elicited by a totally different form of stimulus 
Nocuous stimuli applied to the limb produce a single flexion, 1.e., a 
flexion lasting with the stimulus, and never an alternating flexion and 


extel mn “Spinal stepping,” on the other hand, is characteristicall, 
alternating and rhythmic, and is elicited by passive movement of the 
limb—never by cutaneous nocuous stimuli applied to it 


Is the reflex obtained clinically in man, then, of the nature of a 
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protective reflex, Babinski’s “ Réflexe de défense,” or does it partake of 
the nature of ** spinal stepping ” ? 

Marie and Foix [30, 31} are of opinion that the reflex is analogous 
with “spinal stepping,” and has no protective significance. They 
point out that the movement obtaining in it is unvarying in form, 
whatever the site of the stimulus, and shows no trace of adaptation 
to circumstances. For, although the movement is one of withdrawal 
when the sole is stimulated, the same movement in response to stimula- 
tion of the thigh constitutes an actual approach to the site of injury 
The reflex cannot, therefore, they say, be protective. 

However, the fact cannot be overlooked that when the reflex activity 
of the limb is at its lowest, as in ‘“‘ spinal shock,” and when the 
causative lesion is confined to the pyramidal tract, as in hemiplegia, 
the receptive field of the reflex is minimal, and in these circumstances 
is limited to the sole, or even to a part ol the sole. Further, the 
threshold of stimulation is always lowest on the sole, and no matter 
what the extent of the receptive field, a response is always to be 
obtained here. The sole is, therefore, the most essential part ol the 
receptive field; and a reflex, with the characteristics 1 have described, 
elicited most readily from the sole by stimuli of nocuous character, may 
surely be regarded, legitimately, as protective in function 

A more important objection to the opinion held by these authors, 
however, is that it does not seem to recognize the essential differences 
between the nociceptive flexion reflex of Sherrington and “spinal 
stepping,” differences which completely distinguish the two reflexes 
and prove the identity of the one we are considering with the flexion 
reflex of the hind limb of the spinal animal. The alternating and 
rhythmic movement of the locomotive reflex of the spinal animal is 
obtainable by passive extension of the flexed limb; i.e., by proprioceptive 
stimuli, or by nocuous cutaneous stimuli applied to the opposite limb or 
the skin of the perineum, i.e., remote from the reacting limb, while 
the single movement of the flexion reflex is elicited by nocuous stimula- 
tion of the reacting limb, and never by crossed or proprioceptive stimuli. 

As to the relationship between the flexion of the limb and the 
‘extensor plantar response,” various views are held by different authors. 
Marie and Foix [31] and Noica {33)| believe that the two phenomena 
are part of a general flexion of the limb. According to these authors the 
‘extensor response "’ is the minimal manifestation of a reflex automatic 
movement of general flexion, which itself is but a part of the complex 
motor mechanism of progression. That it is part of the flexion reflex 
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my observations have clearly shown, but analysis of the reflex in vary- 
ing conditions of development has demonstrated, in addition, that it is 
not the minimal motor response, this being found in the inner ham- 
strings, as Sherrington has also found to be the case in the flexion reflex 
of the spinal animal. Marie and Foix have recorded a further interest- 
ing point, which I am able to confirm, that when the reflex is elicited 


by stimulation of the proximal part of the receptive field, the “ extensor 


response’ is less ample and may even fail. This is the phenomenon 
referred to by Sherrington as “‘ local sign,” and which I have mentioned 
alread 

Babinski, by whom the “extensor response’ was first described 


under the name of “le phénomeéne des orteils,” while regarding the limb 
flexion as defensive in nature, considers the ‘extensor response’’ to be 
a distinct and separate reflex, a thiag apart, for which he offers no 
explanation, and which remains for him a mystic and inexplicable sign 
of pyramidal tract attection 

In support of his view he instances cases in which reflex flexion of 
the limb was accompanied by plantarflexion of the hallux, i.e., by 
a ‘flexor response.” But I have shown, and figs. 3 and 4 record, that 
where actual plantartlexion does accompany flexion at hip and knee, 
the two phenomena are not synchronous, and that a dorsiflexion of foot 
and hallux, that is, an “extensor response,” does occur as part of the 
reflex flexion. 

babinski also refers to a case recorded by Dejerine and Valensi | 16 
and verified at autopsy by Dejerine and Long | 17/, in which, following 
total transverse lesion of the cord, there was a strong reflex flexion to 
be obtained on pinching the skin of the thigh. On stimulating the sole, 
however, a plantarflexion of the hallux resulted. From this, both 
Babinski and Dejerine conclude that the two phenomena are separate 
and distinct 

Reference to the original clinical description of the case in the 
Rerue Neurologique reveals the following statement: “ Les pieds sont 
en varus-équin et les orteils en flexion. Cette déformation est aujourdhui 
fixée par des rétractions fibro-musculaires. . . . Le réilexe cutané 
plantaire se fait en flexion et il est plus fort a droite.” It is difficult 
to see how any other movement than plantartlexion could occur in the 
circumstances, and the observation and inference are alike valueless. 

Finally Babinski |6| has shown that the application of an 
Kismarch’s bandage to the spastic limb causes a transient conversion 
of the “extensor response’ to a plantar response of normal “ flexor”’ 
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tvpe, which at once gives place to complete absence of plantar reflex, 
although at the same time the defence retlexes are greatly increased in 
intensity. Since the two phenomena are so differently affected by this 
procedure, he infers that they must be separable and distinct. 

It can be demcnstrated, however, as Marie and Foix have shown, 
that this experiment is quite illusory. The application of the bandage 
is such as to render ischwmic the muscles involved in the “ extensor 
response,”’ but not those causing tlexion at hip and knee, while at the 
same time it acts as a strong stimulus to reflex flexion, in which, 
naturally, the ischemic muscles take no part. On the first application 
of the bandage, the “ extensor response’ becomes “ flexor’ in type and 
then all plantar response disappears. This transient conversion, Marie 
and Foix suggest, is due to the fact that the more superficial anterior 
tibial group of muscles, subserving the “extensor response,” are 
rendered bloodless earlier than the deep plantar muscles responsible fon 
the plantarflexion. 


+ 


There is nothing, therefore, in these arguments brought forward 


by Babinski to invalidate the view held here as to the nature of the 
‘extensor response,” which my observations show to be part of the 
flexion reflex of the limb. It is always present in the fully developed 
reflex, and conversely, when it occurs it is invariably accompanied by 
reflex contraction of the proximal flexors of the leg, notably of the inne: 
hamstrings, which are the motor focus of the reflex. 

Van Woerkom 3 is another author for whom the “ extenso 
plantar response ”’ is a reflex in itself. To account for it, he advances a 
hypothesis, which may be briefly described as based on the supposition 
that primitively the hallux is a prehensile organ with movements peculiar 
to itself, to which it reverts in condition of pyramidal tract involvement 
a Se ined but must remain pure ly speculative, and is 
certainly superfluous 

I conclude, therefore, not only that the the rion refles of eae eee ak: 
obtained as here described, is a rej r, protective in fanction and strictly 
analogous with the nociceptive Hexion refles of the hind limb of the 


} 


spinal (or decerebrate) animal, but also that the “ ertensor re Sponse ” 64 
an integral part of this refles 

The ‘* extensor response becomes, according to this hypothesis, 
part of a co-ordinated, purposive movement complex, and it is interest- 
ing to cons der how it compares in this respect with the normal type of 
plantar reflex—the “‘ flexor response.” 

The relationship of the two phenomena has been the subject of much 
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‘ 


discussion. Babinski, in dealing with the “ skin reflexes,’ observes that 
whereas the abdominal reflexes disappear in pyramidal lesions, the 
plantar reflex, which is regarded as belonging to the same class of reflex, 
undergoes a qualitative change. V.Gehuchten | 41] divides skin reflexes 
into normal and pathological. The former disappear in lesions of the 
pyramidal tract, the latter only appear in these circumstances. He 
supposes, then, that the normal plantar retlex has gone, and has been 
replaced by a new reflex. 

According to Marie and Foix, and in this respect my observations 
would tend to confirm their view, the normal plantar response is 
a wunisegmental reflex strictly comparable with the abdominal and 
cremasteric reflexes, and involving no co-ordination whatever, that is, 
no reciprocal innervation ; it disappears in pyramidal lesions, being re- 
placed by a new reflex, which is not purely cutaneous, and which is 
a co-ordinated movement, namely, the flexion reflex. In the normal 
plantar reflex we see on stimulation of the first sacral segmental skin 
area, a simple contraction of muscles innervated from this segment 
the short flexors of the digits and tensor fascia femoris. 

I have described the variability of the contractions of the adventitious 
muscles in the “flexor response,” and the participation in the move- 
ment of muscles belonging to both flexor and extensor groups. I would 
further draw attention to the extremely limited receptive field of the 
normal retlex and to the fact that it is indeed a cutaneous retlex pure 
and simple It differs fundamentally, therefore, from the pathological 
plantar response 

In addition to the flexion reflex, | have described a crossed extension 
reflex, and | have shown that the crossed plantar reflex bears the same 
relation to this that the ‘extensor response’ bears to the flexion reflex ; 
namely, that the foot and toe movement in each case does not constitute 
the whole reflex movement, but merely the most readily apparent part. 
In the case of the crossed extension reflex, therefore, the full extent of 
the movement is only seen if the reacting limb is held passively flexed 
while stimulating the crossed sole. If this be not done, a plantarflexion 
of the foot and toes is the only visible response 

Contrary to what has been assumed, this crossed plantar reflex differs 
from the normal “ flexor response’; and I have described how this 


n form may best be seen 


ditterence 
Complete analysis of the crossed extension reflex shows that it bears 
the close st possible analogy with the crossed exten ion reflex ol 


Sherrington’s animals, in regard to the character of the exciting 
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stimulus and the extent of the receptive field, the form of the response, 
and the circumstances under which it occurs. Obtained as a reflex 
accessory to the flexion reflex it has this further interest, that it affords 
convincing evidence that the processes of reflex action and motor 
innervation in man show no essential or qualitative differences from 
these physiological processes in animals, and I propose to develop this 
analogy still further in the succeeding section. 

In the meantime, a reference is necessary to the occasional 
occurrence of a “crossed extensor response,” i.e., a ‘ Babinski response’ 
obtained on stimulation of the Opposite sole.! This is only seen unde 
certain specific conditions, in my experience. In the extended form of 
spastic paralysis of the lower limb, homolateral flexion is always 
accompanied by crossed extension, when any crossed retlex is seen, 
and this connotes crossed plantarflexion of foot and _ toes. 

However, where the reflex activity of the extensors is relatively less 
than that of the flexors—namely, in paraplegia in flexion, and in 
conditions transitional between this and the extended form of spastic 
paralysis—we do see a crossed flexion reflex with its integral ** extensor 
response.” In such cases occur bilateral spontaneous tlexor spasms 
Sherrington has noted, in certain parallel circumstances, the occurrence 
of crossed reflex flexion. In man, therefore, as in animals, there is this 
occasional exception to a general rule laid down by Sherrington, that in 
the hind limbs of the spinal animal simultaneous reflex movements are 
opposite in phase in the two limbs 

The phenomenon of * flexor rebound” following crossed extension 
is, however, as I have shown (see figs. 8 and 9) responsible for a certain 


proportion of ‘“‘ crossed extensor responses 


In view f the fact that the extens responust part tf aw genera 

flexion, while the toe movement in the mal plantar response, the ‘* flexor response,” is 
physiologically considered, a movement of extension, it is unfortunate that the a I 
terminology is the direct converse of the facts, The expressions ‘** extensor response an 

flexor response ” are widely used by neurologists in this country, and I have therefore beer 
compelled to make use of them, though it very difficult to prevent nfusion in the mind 
of the reader when speaking of a ‘*crossed extension reflex”? and of a ‘‘crossed extensor 
response s tw very different phenomena Involving antagonistic groups f muscles 

I wish, therefore, to emphasize that these empirical and misleading names are used her 

in their accepted sense, and have no physiological connotation such as the tern ‘ flexi 
reflex’? and ‘*‘ crossed extension reflex” have I have consequently placed them in inverted 


commas to avoid as far as possible all confusi 
In spite of the obvious objections arising from the practice of applying the name of the 
discoverer to any clinical phenomenon—and the literature on the subject of the retlexes provides 


many striking examples of this abuse —it seems almost better to speak of the ** Babir 





response "’ or of ‘* Babinski’s toe phenomenon ” rather than to employ terms having a false 
physiological significance, This is more especially so in this instance, in view of the 


inevitable confusion that must follow any attempt to correct the present terminology, 


—_ 


NOMENA IN PARALYSIS OF THE LOWER LIMBS 3 
. l Dual Nature of the Motor Innervation of the Limb. 
My observations have further established a point of great signifi- 


canc the study of spastic paralysis, and one not hitherto appreciated ; 


namely, the relationship between the two clinical forms of this condition, 


in tl | ribs. 

It not my purpose in this paper to deal extensively with the 
ques tracture except in so far as it concerns the reflex move- 
ments of the limb. The two phenomena are intimately connected, as 
I ha idy shown in the case of paraplegia in flexion, a condition in 
which t tensor muscles show diminished or absent reflex activity, 
wh ntagonists, the flexors, show a high degree of reflex activity. 

The complete differentiation of the reflex action of the musculature 
int tenuis by the processes of disease, as seen in this form of 
spast ra s of the lower limbs, affords a striking proof of the 
existe two systems of motor innervation in man, which are 
strict iparable with those differentiated in animals in Sherrington’s 
rese 


I } n earher part of this paper, briefly alluded to this double 


yt vation of the musculature of the limb in animals, and a 
more det 1 reference is necessai 

Sher ston has shown that in the innervation of the musculature 
ther { great reflex systems, each employing in a characteristic 

il l lp ot muscles 

One tem uses the extenscr muscles and maintains in them a 
steady tor vhich enables the decerebrate animal to stand, and which 
Sherrington 58) regards as an expression of reflex posture. The central 
nery hanism of this reflex must be situated in the brain-stem, 


aT { found only in the decerebrate animal After transection of 
the rv lgelow, the caudal end of the pons, the reflex tone of the 


extel s—the “decerebrate rigidity “—disappears, and a condition of 
‘spin ensues. ‘This affects only the previously tonic muscles, 
the extensors, the flexors showing a slight and transient depression 

‘| Line reflex ystem employs the fl xor muscles of the limbs, and 
its rea uve characteristically phasic, that is, they consist of retlex 
movement This reflex is purely spinal, since it is unaffected by 
severanc rd from brain. Certain of the reactions of this system 
are protectis Tn function, for « sample, the flexion reflex of the hind 
lint Retlexes of this type are characteristically elicited by nocuous 
stimuli; the ure the least atlected by “spinal shock” of all reflex 
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Wernicke and Mann | 29) first recorded both this select 
bution and inverse relationship of weakness and spasticity 

In addition to the spasticity of the limb we note in the th 
of muscles a brisk tendon-jerk in semimembranosus and semite 
and the presenc f reth movements of fl n with tl 
response 

That s, both extensor and _ flex eroups | muscle 
cond n of increased and involunta retl tivit Wal 
hypertonus in the extensors and as refl movement in the fle 

jt clinical pict Which Babinsk 2 ealls that of 
paralysis en extension ind Germat ithors Streckkor 

haracteristh I cerebral lesion, ¢ lt al l¢ n, spu il l 
limited to the pyramidal tract \s regards spinal lesions, Bal 
considers that it is in systematic lesions of the pyramidal t 
cord that the condition characteristicall irs, While QO} 
notes the extreme rarity of flexion contracture of the legs in ai 
lateral sclerosis and other pure pyramidal tract lesions, and s 
only occurs as a terminal phenomenon 

All authors ar creed that in hemipleg { extens 
spasticity is constant. ‘The fact so significant that I think 
be too well emphas ed l.ewandowsk yA Sp iking t hel 
says, “im allgemeinen die typischen Verteilung der NKontract 
Beuger am Arm nd die Strecke m Bein istande 
Oppenheim [54 s equally explicit: he says Beugekont 
Beines kommt nur selten und inter ungey 
Bedingungen vor.” V. Monakow 32 ulso  emphasi t] 
he savs Flexionskontraktu Verkiirzuneskontraktu de 
Iixtremitiiten cerebralen Ursprung nach Hemiplegie und 
kontraktur) ist sehr selten; sie kommt nur dann vor, wenn « 
nutritive, die passive Verkiirzung fordernde St ngen in di 
selbst vorhanden sind, oder went i der gewi lic mi} 
Kontraktur noch protrahirte Muskelkrimpfe (corticale event 
cephalen Ursprungs) hinzutreten 

The cases recorded of flexion contracture of the leg in he 
are exceedingly rare Devie and Gallavardin | 18 ve desi 
in instanee, in which the lesion wa hag 1 t 





phenomenon depenaing 


| \ \ | ALYSIS © | O\ LI S S15 
capsul The affected leg was the seat of strong flexor spasms which 
from the dese ption ven ippear similar to those familiar in para- 
ple ola in fie yn The state of the deep reflexes in the limb is not 
stated, and it is not possible to say whether the two conditions are 
really mparable 
I e patients | have examined in the National Hospital and in 
a lara s¢ es ol ld-standineg hemipleg Which | have had the 
opportu seeing in the St. Marvlebone Infirmary, I have not met 
with fl n ¢ racture in the leg Nor have I ever seen it in spinal 
cord lesions e involvement of structures other than the pyramidal 
tract 1 be excluded In amyotrophic lateral sclerosis, paraplegia 
n extel the rule, and only very rarely in the terminal stages of 
the lition does tlexion contracture occur. The degree of pyramidal 
nvolvement has no influence on the form of spasticity in the leg, and 
li Pile j Pia oa pyra dal Hi hie / ie 
} / / a “ty 4 ‘ fended fori j spast / wa } 
H >4 is pointed out the identity {f the * decerebrate 
rigid nimals with the rigidit the leg in hemiplegia, and if 
n the t condition we analyse the state of the two muscle groups 
n tl b, the extensors and the tlexors, we find the most 
st ng blance decerebrate rigidity.” In both instances we 
see a nsor group of muscles showing a maintained hypertonus 
i ‘stat | und a fle group showing, as its characteristic form 
f a movement phasic refle but not rigidity such as is 
found 1) ensors 
nnexion with this question of a specific type of reflex activity 
! ! t t\ muscle oups, It 1s not, of course, suggested that 
the ¢ nsors shi no phasic activity, or that their antagonists the 
flexors ve 1 residual tonus. The presence of alternating move- 
ments of tl limb nvolving refi extension as a phase, negatives 
such wvest n Also. the presence ol bi sk hamstring-jerks, in all 
cases Of spastic pal ilvsis, indicates that the retlex activity of the flexors 
51 ibsolutely phasic, but rather shows, to use Sherrington’s phrase, 
phases of | ehtened activity It is clear, however, that in spastic 
conditions of the lower limbs, the activity characteristic of the extensor 
muscles is in the form of “ tonus,” while that of the flexors is phasic 
ind consists of movement. 
We know from the work of Sherrington that decerebrate rigidity is 


rf 


on the integrity of a reflex are passing 





— — 


= _ { ( 
f 
. j f f 1 = 
ome -~ f a ard 
f - 5 omet 
— - f ° - - ~ 
™ a ie = 
. + - L L 
- Oo = r a = Sd Lo = - 
> ~ - i + f — — ~ m— ¢ “ CG 





a) 3 t intary pow: 
1) . f — ) 
I nee ot the tendon-jerk 
| | c t tir aetence refl ( ind | extens 
‘ 
\ , ' a , 
’ in Vp | Lip ‘ LlnIination I he cord 
! \ | tI n | venerat nol the pyran t) t 
() hser f the tendon-je1 \ s in striking 
( n the extended form of spastic paralysis, he 
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, 
| fication is 1 leadin nd St 
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I ) nt nd there sn ( nus 
nd an « reme devree of retl T { the le 
tal termittent ul is not tl I iract 
! he extended tor ol puist ) ULYSIS 
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} ( eac! Line be lic il | niuave hown, 
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vit th fl ind extensor muscles in the 
} the cases ha n addition dest d all siens of 
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nd eve ne} ed since no longer antagonized 
| t ¢ / crentiy an eparatety atlected Ihe 
P | | PF ' 
s ndition and tha i the spinal aninal ones 
' 
\ t tl character of the lesions giving rise to th 








318 ORIGINAL ARTICLES AND CLINICAL CASES 
Short of actual total transverse lesion, the more complete the separa- 
tion between ventral horn cells and brain, the more highly developed is 


this form of spastic paralysis. 


The point raised by Babinski that there may be little or no descend- 
ing pyramidal degeneration on pathological examination of the cord in 
such cases, has no special significance, for, as Gordon Holmes 23) has 
shown, there is no constant direct relation between the severity of the 
clinical manifestations and the secondary descending degeneration 


A focal lesion of the cord may cause extreme spastic paralysis and loss 
of sphincter control, and yet, on autopsy there may be no descending 
pyramidal degeneration. 

Since a lesion confined to the pyramidal tract never produces 
paralysis in flexion, we may assume that, as in the spi inimal, the 
interruption of an extrapyramidal path is an essential condition of its 
development. The fact that this form of spastic paralysis is seen in 
spinal lesions at the highest levels proves that this motor path must 
arise at a higher level than the cord, while its non-occurrence in 


cerebral lesions proves, similarly, that its origin must be at a lower level 


than that of the fore-brain. We are compelled, therefore, t Ss t] 
existence of an efferent motor path, other than the pyrainnud tract 
passing to the extensor muscles, or rather to their ventra rn cell 
and to these alone. 

It will be seen that thi analogy between the state of etl LCTIVILY 
in the hind limb of the “ spinal animal,” and that of th wer limb of 
man in paraplegia in flexion, is as close as that between “ ebrate 
rigidity ’ and paraplegia in extension. 

lt would appear, therefore, fat, as ina nals, f { 1 
separate SYSTEMS Of LHHEKCATION of the mb musculature, + nuy Ys 
a definite group of muscles and giving rise in each of these toa spectfir 
form of a tivity, tonic in the one, clo) ic. or phasic, n the othe) 

The extensors need, for the maintenance f their hypertonus, the 


integrity of a reflex arc passing from the muscles themselves to a reflex 
centre in the grey matter of the brain-stem, probably the paracerebellat 
nuclei The efferent limb of the are consists of an « <trapvramidal 
tract passing thence to the ventral horn cells of the extensor muscles. 

The retlex activity ol the flexors, on the other hand, is unatfected 
by the interruption of this path to their antagonists, and we must 
conclude that their reflex are is purely spinal. 

Kecent investigations tend more and more to emphasize the 


important part played by extrapyramidal motor paths. 
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Foerster | 22). v. Monakow | 32!,and Rothmann |35) attribute son 


of the phenomena of spastic paralysis to the taking over of the functions 


of the impaired pyramidal system by phylogenetically older moto 
systems, such as the rubro-spinal ; and more recently the valuable work 


of Kinnier Wilson |42|} has shown, in the most striking manner, the 
physiological possibilities of these paths. 

While, however, the view attributing important functions to motor 
paths other than the pyramidal system is one widely held and strongly 
supported by clinical and pathological evidence, it has not been previously 
suggested that such a motor system may show a selective innervation of 
one group alone of the limb muscles. 

Yet, Jackson’s idea of the motor innervation of muscles * having the 
most tonic, the most confluent movements” by a specia 
mechanism differing from that innervating those muscles having * the 
most changing movements” is a distinct foreshadowing of the nditions 
f reth tion found to obtain in animals by Sherrington, and not less 


f{ the parallel state of atfairs my observations show to exist in man. 


The view advanced here of the tonic innervation of the extensor 
sroup oO iscles in the lower limb by an extrapyramidal projection 
system, in addition to its cortico-spinal innervation by the pyramidal 
syste! e flexors of the limb having an innervation by this latte 
svstem ne, harmonizes with the speculations of Jackson and 
experimental findings of Sherrington. 

The conception of the lower motor neurone (the “ final common 
path ol Sherrington) receiving lnpulses from more than one etterent 


projection system (“‘ internuncial common paths’’) has been developed 
‘ton, and the double innervation of the extensor muscles of 


the lower limb provides a striking example of this factor in_ the 


Anothe phenomenon, which I have observed in a cas { dis 


seminated scierosis, p nts to the existence of a srouping oft the nervous 
representation of the limb muscles into extensor and flexor in the pyra 
nidal t itself 


The case was in every respect typical, and in history the patient 
stated that his ht leg was much weaker than the left l’xamination 
revealed the following condition : Both legs lav extended and adducted : 
passive movement revealed considerable spasticity in the extensors of 
both limbs, equal on the two sides. In power the extensors of both 
sides showed a slight and equal defect The flexors, on the other hand, 


were very unequally affected. On the right they were extremely weak 
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and the flexors but slightly and transiently. Yet while the rabl 


almost completely from spinal shock in a few hours, the dog 


more slowly and less completely, while highe r anima 


monkey, only show long delayed and partial recovery. In 
i] 


rabbit, a knee-jerk reappears in a few hours, while in the m 


may not be elicitable for months. Sherrington considers tl 


to be due to the rupture of certain efferent paths arising in 
stem and also to the phenomenon of “* isolation dystrophy ” 
trophic degenerative changes in the nervous elements whi 
from efterent impulses from the brain 

Man differs from the lower animals only in that, 


Bal ! 
m J 


shock is more intense, and that the phenomena of shock are perpetu: 


by the oceurrence of actual degenerative changes in tl 


elements themselves, which naturally destroy all funct 


, 
isolated cord, 


Moreover, Sherrington has observed that protective retlex 


he calls them “ nociceptive reflexes” are relatively little de) 
spinal shock, and are the reflex phenomena which emerge « 
this condition. The flexion reflex of the hind mb 


excellent example of this 


He savs: “In the monkey and in man spinal shock is 
peculiarly intense but peculiarly long lasting. The withd 
the isolated cord of influences it is wont to rece f} 
further headward may induce an alteration of trophic ch 


spinal cells—an ‘ isolation dystrophy visible, it 
chromatolvysis. 

* This ‘ isolation dystrophy "ensuing on shock wou 
a longer lasting, in some elements, perhaps, a permanent 

The deeper depression of reaction into which 

animals as contrasted with the lower sink when made ‘spina 
to be significant of this, that in the higher types, more tl 
lower, the great cerebral senses actuate the motor organ 
the motions of the individual 

When we come to analyse the “skin reflexes,” whicl 
served in cases of complete transverse cord lesions, we fin 
consist in minimal forms of the flexion reflex, which | have 


In other words, there is retained in a depressed form the gr 


tive or ~~ nociceptive ag reflex ol the limb. It is furthe to be n 


this reflex involves the activity of flexor muscles only 


A case of comple te traumatic division of the spinal cord | 


+ 


Ill, 


ire 
then 
{ MH 
serib 
ted t 
I) 


ty 
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wound in the dorsal region is recorded by Lewandowsky and Neuhof 
irs Out the view | have advanced. 

For a period of several days following the lesion, before degenerative 
changes had set in in the muscles, an “ extensor response ’’ was obtained 
together with ‘* retlex contractions of certain of the thigh muscles.” 

These reflex phenomena were increased in facility and intensity by 
prolonged faradization of the limb, and a transient ankle-jerk but never 
a knee-jerk, was also obtainable by these means However, the most 


| ; ‘ 


active and enduring retlex seen was the Babinski plantar response. This 


the “ spinal ” man 
personally observed three cases of physiologically complet 
cord | e Within twenty-four hours of a fracture dislocation of the 


dorsal spine The legs were flaccid, powerless, and absolutely insensi- 


tive, tendon-jerks were absent and there was retention of urine 
Sti f the sole gave as response a visible contraction of the ham- 
string and of tensor fasciw femoris ‘Twenty-four hours later a dorsi- 
tle n t and feeble tlexion of the knee and hip were obtained, and 


! sions an actual “extensor response ” was obtained, but tired 

read \t tl moment of writing—six days after the trauma—the 
ndit present is unchanged, but muscular wasting has appeared 

\ thre e seen seven days aite the onset of an acute transverse 

tical result. This case is recorded at length in 

the Appen , and affords a striking example of the progressive evolu- 


vity in a spinal cord recovering from physiologically 


! epting the presence of a flexion retlex in the lower limbs of 


the man, it has to be admitted that the condition of flaccid 


par vit lepressed retlex activity differs widely from that of 
parap n flexion However, the difference is merely one of degree, in 
| 

that in the latter the flexors show not a minimal but a maximal amount 


of ret! ictivil In no othe resp ‘tis there any essential! ditference 
) ne|17. refuses to regard the flexion retlex as evidence of spinal 
functiol berated from cerebral control, as Marie and Foix suggest 
when t eall the phenomenon a * Rétlexe d’automatisme medullaire,”’ 


by . he Lvs, It only occurs 1n neomplet destruction of the cord, 


n hen transection absolute. This, as I have shown, 1s not 
strictly t lt true, however, that these reflex phenomena are most 
marke when the separation of cord from brain is incomplete. ‘To 
this ld that the more profound the interruption is, short of 








complete ection, the more marked are these ret! 
ow] {] Y) ~ {oO} { his 
of paraplegia in fl O} evidence of t 

It must be admitted that in the condition of « 
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5) Concurrently 


is inhibition of their antagonists, : 


innervation” are seen in the refle: 


(6) Accessory to this reflex is 


includes plantarftlexion of foot an 


in the 


apprec “spa tic 


only ‘ord attection 


seen in 


lateral sclero 


lesions, never In pure Ss 
| 


To produce this condition the 


cord other than the pyramidal tra 
to the fore-brain and probal in 
cere bellar nucle 

The elte¢ ( a il nm of th 
abolish the retiex tone In the ext 


lex¢ 
condition of 
retlex 
of this, until 
» condition 


muscle 


rele. of the tf i) 
paraple 
tlexor iction, 


is found in 
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with contract 


which, following Sherrington, I eall 


extended | 


‘ft 
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this reflex 


reciprocal 


ion. of the limb flexors in 


ind all the phenomena of “ 


reflex extension of the crossed limb 


This 


the crossed extension reflex 


d ‘the crossed plantar reflex 





of many authors. This is shown to differ from the normal flexo 
plantar refle: 

(7) The study of spastic paralysis of the lower limbs, from the 
point of view of retlex movement, confirms the existence of two clinical 
tvpes. These have been described by Babinski as “paraplegia in ex- 
tension” and “ paraplegia in flexion.” 

[ have pointed out here that the essential ditference between the two 


spast paralysis of th 


lower linbs both extensor and tlexor groups of muscles are in state 
of heightened retl ictivit n th flexed Spasti leg, only the flexors 
retain t] the extensors showing diminished or absent retlex action 

Ss) The reflex activit f these two groups of muscles is, it is here 
put forward, of specific type in each cas The ¢ nsors show a main- 
tained tonic retlex the spastic t\ f the extended leg This m bye 
called a static reflex. The flexors show, characteristically, refl iction 
of phasic type, which gives rise to reflex movements 

9) In cerebral lesion or in a purely pyramidal tract affection 
however complete, we see constantly the extended typ [ spast 
paralysis in the legs 

The type of spastic paralysis in flexion, or, as it has with scant 


paralysis with flex 
nly 


only the 


Ss St come 


1) 


] 
NVOLV 


1 ne 
nterruption oL an 


ntia 


t is esse path arises 

the pons, in conn mn with the para 
| 

s extrapyramidal motor path is t 

ensor muscles, without affecting th 

gia in flexion is an example of w 


and interm! 


] 
SSIit 


mn, 


rmanent c ‘facture ensues 


the severes nal lesions, the reth 


US| 
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activity of the tiexcrvs may be considered purely spinal in origin and not 
dependent on any efferent path from the brain. 
11) In complete spinal transection, physiological or anatomical, 
the reflex activity of the limb is almost completely absent. But a 
minimal flexion reflex persists on stimulation of the sole, and thus 
affords further evidence of the purely spinal nature of this reflex. The 
extensors show no reflex activity in these cases. 
+ 


(12) The condition of tlaccid paralysis of the limbs in complete 


lesions of the spinal cord ditters, therefore, in degree only from that of 





paraplegia in flexion, which I conclude is analogous to the condition of 
the hind limbs of the “spinal animal.” In complete spinal lesion 
the phenomena of “spinal shock” and “isolation dystrophy” mask 
and fin ibolish the retlex activity of the tlexors 

13) It will be seen from this that there is a double system of 
motor innervation of the lower limbs, such as was first suggested by 
Jackson and verified experimentally in animals by Sherrington. 

I have endeavoured to show further that the two factors in this are, 
first, the pyramidal system which innervates both limb flexors and ex- 
tensors. A lesion of this path liberates both reflex systems from control, 
and in the limb extensors we see the extended form of spastic paralysis 

The second component is a tonic innervation along an extrapyra- 


midal tract arising in the brain-stem and passing to the extensor 


muscles only Interruption of this abolishes the retlex activity of 
these muscles, leaving that of the tlexors unimpaired The condition 
ff spastic paralysis in flexion then ensues, the retlex action of the 
tle rs | x pure spin 


14) An analysis of the phenomenon of spastic paralysis of thi 
limb extensors in man demonstrates the close analogy existing between 


the physi ul principles of motor innervation In animals and in man 
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second day. For six days previous to examination, there had been complete 


flaccid paralysis with sensory loss and retention of urine. 


Condition on February 2 There was absolute flaccid paralysis of both 


lower limbs, which lay extended and rotated out. They were absolutely 


devoid of tone. On attempting to sit up in bed the umbilicus moved up 


There was absolute loss to all forms of sensibility below a line drawn round 





the trunk one ineh tbove the umbilicus There Was etention of rine 
All tendon-jerks were absent. The faradice excitability of the muscles was 
good, though they were readily fatigued. 

The Flea n Refler.—Light stroking of the sole, but no form of stimulation 
of any other part of the limb, gave a quick contraction of the hamstrings and 
of the anterior tibial muscles. There was slight flexion of the knee and hip 
without movement of the toes, but a feeble dorsitlexion of tl | the 
stimulus to the sole was very light it was possible to get motor response 
limited to a palpable contraction of semitendinosus aygd semimembranosus, but 
too weak to produce any me oO the | W neve retlex 
contraction appeared in the muscles distal to t ka s well kad 
I | the proximal flexors I s, ft minimal spons iS the ] i] 
muscles Pin Pp ck on tl sol ive s results 

Strong idism applied » the iscles directly S lle 
ele rodes tor pel ods of trot tel Oo \ I es i ) Tec ri t . 
fle etlex he tendon-jerks 

On February 4 No char except ) ense s ( 
the si l] toes a Ss flexe | feeb \ bu S \ ( the e 
No ther ¢ nge till February 8 1s Ss | ene - 
ind faradie ex bility Vas S¢ Wi ( ( t 

Feb: Wir LO \ll the tendo! CYrKS LM sé but pereuss ( the 
heads of the itarsals gave reflex tl | The fi tlex 
was facile fro the sole Tl mini | respons Ss col ( ! 
hamstrings and of tensor tasele femoris Io stronger stroking the so 
here was added to flexion at hij nd knee dorsifi n < nkle and of all t] 
es 1 good eXtenso response | I e cdorsifiexion ot t { rt \ S resisted 
the extensor response Was more ample The receptive field was still confined 
to the sole for all forms of sti Strong faradism for a period of thir 
minutes was devoid of result 

February 12 Light s ng f the sole now gave tvpieal extens 
response, | accompanied in every case by visible lim flexion Successive 
stimulation soon tired the retlex, the response disappearing first distally—i. 
n the toe, and then in the ankle. So that finally a stimulus previously able 


to evoke a complete retiex now only gave flexion at Hip and knee Oppenheim s 
procedure for the first time gave a feeble contraction of the proxim il tlexors, 
but no toe movement. The motor and sensory condition of the limbs had not 
changed, and the tendon-jerks were absent. 

February 13. The flexion retlex as before. The knee- and ankle-jerks were 
absent, but now percussion of the tendons of semi 


branosus gave a feeble, pal able contraction of these muscles. 


5 
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February 17 Knee- and ankle-jerks absent, but hamstring-jerks brisk on 
ly sides. The tlexi etlex could now be elicited in complete form by light 
stroking of the sole, and by pin-prick of the skin up to the level of the calf 
\lso strong percussi it the shaft of the tibia and of the bony points round 
ne nkle gave a flexion etlex complete in forn ll en nimal response Was 

bruary 22 l tendon of biceps femoris now gave a jerk. Oppenheim’s 
nethod also ¢ extensor response Che first sign of returning sensibility 
c eae) n si : 2 ception of the vibrations of a tuning-fork placed on the 

\ ¢ } e tla | VSIs remained 
‘ ‘ ; cde 
/ } pi } 
\I ~ | 1 ! nable by pin-pri iny } thie 
t l 5 t ot any ¢ Sssed 
1 : : pi f These 
pie t > 4 { i | 3 l \ s l , ( cl 

: t \ 5 Ss present t ¢ s still al L hve 
1 1 ! na 1) l i! eceptive held was 

~ | t wer } | i ve 

] ] ( ) \ ( 5 s perceptil [he 

} i ( ( ] ( ( eas. le 
l ( ( n ¢ e } ul tle 3 the 

( fer i? Line 
) \ etn \ ( nee oc { 

M \ veeks S i iChs | tlexe L en 

( ed t s pos | 3 me slight but 

v} s fe extensors \ny su ssive ement of 

¢ } S S = 1 ) ary 

2) \ July 1 spasms | yap) ind the 

; . , 
S } f vy tle l.alwavys | tlexed { sudden passive 
r = ; Spas | nee-i¢ 58 § por cllity 
cig as T fn 1, a is 

} \ ist s i Sspasi becal ) pnea i re ¢ nce ol 

3} sti \ é ens S 

Du g S e fi pasms abated notably i t } ent began 

( t s L¢ ( : Spasms came nd made the limbs very 

| in extens Phe ttitu vas lways one ¢ ensiol 

October, the ankle-j last reappeared. There was now stron 
extensor rig ind flexor spasms were occasional. The flexion reflex was as 
facile is ever, Dut the tle ion Was not so an ple nad a g CK xtenso1 rebound 
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This condition remained m or less unehanged 


re 


right leg was noticed to lie often in an attitude 


returned when passively extended. 


flexion reflex Was facile on 
that the 


right 


retlex Was not accompanied by a ( ssed S 
was so accompanied 

y 
refer act fi } Aa f 

However it was repeated no tol Ss and t 


while percussing the right patellar tend t] 
elicited, a feeble knee-jerk could be yt / 
reinforcing the ert : f 4] } 

May 7. The right leg now lay contin tle 
before The left leg was still a n extension al 
The hamstrings of the right leg were 1 levelopi 
which frequent flexor spasms were supe nosed 
extension of the limb provoked as ne 
un extensor response The limb was 30 Was 
lett 

Crossed extension of the left limb persisted t 
left limb also went into flexion and lost its 
extension of this limb on sti lating the right sole now 

The hamstring-jerks on both sides remained bris 

Both limbs had now lost the reflex activity « 
muscles, and the condition of paraple t} 
spasms of both legs { : d a 
the minimal response was now seen to be in the ha 
stimulation of the sole \t first the minimal res} 
complete reflex. 

From this date the reflex activity of the bs deel 
only a feeble tlexion could b It rar ) t S 
of the limb. The minimal response was seen very cl 
flexors and shortly betore death stimulation { the 
response. 

\utopsy confirmed the diagnosis and the cord s 


sclerosis in the dorsal region, 


staining by the Weigert method. 


This case shows the phenomena observed in ( 


It confirms the views formed as to the nature of t] 





Examination now revealed the following condit Voluntary power was 
gone on both sides The right leg was flaccid, but showed possibly sligl to! 
in the hamstrings. The left leg was much as on ad Ss 

The right knee- and ankle-jerk were ibse) t Ss ! le wel Dris 
The hamstring-jerks were brisk on both sides, espe yn the T 
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the study of that case. It shows the decline of the reflex activity ol 
the extensor muscles of the limb at a time when that of the flexors was 
unaffected, and affords strong evidence of the existence of two systems 


of motor innervation of the limb musculature 


APPENDIX I] 
GRAPHIC METHODS. 


The method employed was the direct recording on a revolving drum 
of the limb movements. In cases where these were of too great ampli- 
tude, the thread from the limb passed to the outer circumference of 
a light multiple wheel such as is used in the kymographs of the physio- 
logical laboratory From a smaller circumference on the same wheel 
a thread passed to a recording levei 

The graphic recording of the reflex movements of the spastic limbs 


otters considerable difficulties. The sudden occurrence of strong flexo 
spasms continually pulls the recording lever off the surface of the 
revolving drum and even breaks the connecting thread. In many cases 
repeated efforts were necessary before a presentable record could b 
obtained. In the course of making records from such cases, one was 
struck by the continually changing degree of the reflex activity of the 
spastic limbs. Particularly did this seem the case with the extensor 


The hypertonus, the briskness of the tendon-jerks, and the 


muscies 


occurrence of clonus altered from moment to moment. The flexion 


reflex showed much less variation. 
To record movements of the whole limb or of the hallux alone, a 


attached to the tip of the great toe by a piece of adhesive 


thread 1s 


t 
strapping To record limb flexion apart from toe movement the 
writing lever is connected with the internal malleolus in the same 
manne Either direct or proportional recording can be used 


\ metronome connected in circuit with an electric signal is used to 
record time in seconds. 

\ record of the time relations of the knee-jerk or of the plantar 
stimulation in the flexion reflex can be obtained very simply, and does 
not necessitate the elaborate apparatus described in ‘ Lewandowsky’s 
Ilandbuch ” and elsewhere. 

A piece of metallic gauze, such as is used in electro-therapy, is 
wound round the knee over the patellar tendon. A similar piece is 
wound round the percussion hammer. Wires lead from each to a 








circuit in which are a battery and an el 
patellar tendon, contact is at once n 
on the smoked surface of the kymogra 


In the accompanying diagram (f 


harm 


The thread in each case passes over a 
spring, Bb. This keeps the thread taut a 
loose in the sudden flexion or extension 
recording lever, c, is fastened to the thre 
parchment paper. 

The drum is revolved at given speeds 


The electric signal is not represented 


nd prev nts 


movements 


wheel, A, and 


id, and consists 


from a smal 
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Votes on a b : under this heading do not preclude a 


subsequent review 


Die funktionellen und hirnanatomischen Befunde bei der japanischen 
j /@Q) 
Tanzmaus. Von Dr. Taco Kuirrr. $8. 154, with many plates 


inder separate cover Rotterdam: Hengel, 1913. 


This ble mono ph is founded on the microscopical study of the 
brains tive fully grown and four newly born dancing mice. After a cleat 
sul previous we the author gives his own observations. He 
beliey that the movements performed by these extraordinary animals vary 
pre S mble ced nents, some are more like attacks 

ilst other mice carry out definite daneing evolutions 

The ! cults eatly in liveliness and force and the loss of general 

mus tone varies in extent \ll his animals were undoubtedly deaf. The 

lesion is legeneration of the whole system of the eight nerve | Octavus 

syst cluding both its peripheral and central endings. The plates are 
eXCE 

Lie Réjl s dAutomatisme médullaire, le Phénoméne des Raccour- 

Travail du Service et du Laboratoire de M. le Professeur 

Pierre Maric Par Le. Docteur ANDRE STROHL. Pp 164. 

Steinheil, 1913 

this thesis Dr. Strohl set himself to review the path of the different 

reflexes it nal ina » investigate in particular that pathological group 


ittributed by Mari ind Foix to spinal awutomatism., He follows these 


es in believing that the knee-jerk is a true retlex, and that, when the 
cerebrospinal conduction is diminished or destroyed, the cord develops a new 
activity, the lesion has not altogether destroyed its functions. The mani 
festations ol this new activity, the so-called ~ de lensive retlexes,”’ form the 
subjee f the seeond half of this work He deals in detail with the ~ triple 
{lexio1 etlex, direct reflex extension of the whole limb and the homolateral 
flexion with contralateral extension evoked by violently bending the great 
toe downwa ds The discussion is accompanied by graphic records of the 
movements described, taken in cases of spastic paralysis. He accepts the 


view that the extensor plantar reflex is a part of complete limb flexion, but as 








e attributes all these reflexes 5 of D1 s the 
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A series of 35 Jrontal sect s By Dr. C. WINKLER, Professor « 
the Municipal Universit n Amsterdam, and Dr. A Po R 
Pp. 133. Amsterdam: Versluys, 1914 
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Die Halluzinosen der Sp! rier. Von Privatdozent ) 7] 

Puatt. 8S. 116. Berlin Springer, 1915. 

This forms one of the monographs edited by Alzheimer and L ywsky 
and is of great interest, firstly, as the latest opinion « Plaut on t condl 
of the cerebrospinal fluid in vai sk s of svphilitie affeetions, and s¢ condly 
as the record of an ill-understood group of syphilitic manifestations. He 
believes that the Wassermann reaction is positive in the cerebrospinal fluid 
from most patients With sypl lis, alt ug - metaluetic process is out of the 
question.” The absence of a positive eactiol n the blood gives a 80 per 
cent. probability against cere bros] nal syphilis The author then deseribes at 
considerable length a number of cases of syphilis of the nervous system which 
simulated dementia prwecox, primary dementia, hallucinatory | 1 and 
other forms of mental disease. articular stress is laid on eases where 


; 


hallucinations were present 
Meningococcus Meningitis. By HENRY Hi IMAN, M.D , and SAMUEI 
FELDSTEIN, M.D. With introduction by HENRY Koruik, M.D., 


all of Mount Sinai Hospital, New York. Pp. 313, with 
4 Plates and 31 Figures. Philadelphia Lippincott, 1913. 


This little book is by far the best account we have seen of cerebrospinal 


meningitis due to the Weningococeus intracellularis. Each chapter deals with 


one aspect of the disease in a succinct, accurate, and at the same time eminently 
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presumably normal nervous system. He deals with the questions of long 
deferred apoplexy, the possible traumatic origin of general paralysis, tabes 
dorsalis, syringomyelia, myelopathies and other forms of organie diseases, and 
then gives a short account of traumatic hysteria and the neuroses. The article 
is extremely practical and should be consulted by anyone who expects to be 


cross-examined on these difficult aspects of injury to the nervous system 


Die Hysterie. Von Professor Dr. M. Lewanpowsky, in Berlin 


Sonderabdruck aus dem Handbuch der Neurologie von 
LEWANDoWwsSKY!. S. 192. Berlin: Springer, 1914 


Like most of the chapters in the Handbook this article is a full and judicial 
summary of the present state of our knowledge on hysteria. It is clearly 
arranged, has an excellent index, and is written in an easy and attractive style 
The list of authorities at the close is well selected and contains all the 


mportant papers. 


Les Techniques anaton )-pathol Jique an Systeme nerveus, Par 
GUSTAVE Rovussy et JEAN LHERMITTI Pp. 255. Paris : Masson, 
LOL. 


This is an exeellent manual! f histological methods pplicable 1 the 
nervous system It is clear, practical, and every procedure ree ended 
seems to have been tested by personal experience The chante ; w thea 
natural order of preparation of tissues, dening fluids, section cuttin nd 
embedding: staining of the cell of the mvelin sheath, of the neuroglia, and of 
the vascular and connective tissues are considered in separate chapters. The 
various methods for revealing products of degeneration are given in full, and 
the last three chapters are devoted to the periphe al ne ves, the musele wna 


the staining of bacteria. 


Anatomia Clinica dei Centri Nervosi. By Professor G. MINGAZZINI 


Pp. 936. Turin: Unione Tipografico-editrice, 1913. 


An admirable text-book ol! anatomy ol the central nervous system directed 


particularly to elucidate clinical conditions. The figures are clear and well 
reproduced, and the cle scription s excellent such c nditions as aj j asla are 


illustrated by the lesions discovered in actual cases familiar from the literature 
of the subject and evervwhere accurate references are given or the views 


expressed and examples give 


